
ANL-76-62 

rUCASE RETURN TO 
MFC BRANCH UBRAKT 

INL Technical Library 

llllllillllllllllillilllllll 
108662 

AN EXAMINATION OF THE SCEPTRE 

AND CSMP PROGRAMS FOR SOLVING THE 

POINT-KINETICS EQUATIONS WITH FEEDBACK 

by 

P. D. Walkowski and B. R. Peterson 

APPLIED TECHNOLOGY 

Any further distribution by any holder of tfiis document or of the data therein 
to third parties representing foreign interests, foreign governments, foreign 
companies and foreign subsidiaries or foreign divisions of U. S. companies should 
be coordinated with the Director, Division of Reactor Development and 
Demonstration, U. S. Energy Research and Development Administration 

• «C tW «KIM 

ARGONNE NATIONAL LABORATORY, ARGONNE, ILLINOIS 

Prepared for the U. S. ENERGY RESEARCH 

AND DEVELOPMENT ADMINISTRATION 

r Contract W-31-109-Eng-38 



The facilities of Argonne National Laboratory are owned by the United States Govern-
.nent. Under the terms of a 'contract (W-31-109-Eng-38)between the U^ S / - ; / ^ ^ ^ ^ - - ; < : ^ " „ " 
Development Administration, Argonne Universities Association and The ""^^"f;'^ ° . ^ j ^ " fn^ 
the University employs the staff and operates the Laboratory m accordance with policies and 
programs formulated, approved and reviewed by the Association. 

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION 

The University of Arizona 
Carnegie-Mellon University 
Case Western Reserve University 
The University of Chicago 
University of Cincinnati 
Illinois Institute of Technology 
University of Illinois 
Indiana University 
Iowa State University 
The University of Iowa 

Kansas State University 
The University of Kansas 
Loyola University 
Marquette University 
Michigan State University 
The University of Michigan 
University of Minnesota 
University of Missouri 
Northwestern University 
University of Notre Dame 

The Ohio State University 
Ohio University 
The Pennsylvania State University 
Purdue University 
Saint Louis University 
Southern Illinois University 
The University of Texas at Austin 
Washington University 
Wayne State University 
The University of Wisconsin 

NOTICE-

This report was prepared as an account of work sponsored 
by the United States Government. Neither the United States 
nor the United States Energy Research and Development Ad­
ministration, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal l iabil-
i tyor responsibility for the accuracy, completeness or use­
fulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe 
privately-owned rights. Mention of commercia l products, 
their manufacturers, or their suppliers in this publication 
does not imply or connote approval or disapproval of the 
product by Argonne National Laboratory or the U. S. Energy 
Research and Development Administration. 

U. S. 

Printed in the United States of America 
Available from 

Energy Research and Development Administration 
Technical Information Center 

P. O. Box 62 
Oak Ridge, Tennessee 37830 

Pr ice : Printed Copy $4.50 



Distribution Category: 
LMFBR Instrumentat ion 

and Controls (UC-79rrj) 

ANL-76-62 

ARGONNE NATIONAL LABORATORY 
9700 South C a s s Avenue 
Argonne, I l l inois 60439 

AN EXAMINATION OF THE SCEPTRE 
AND CSMP PROGRAMS FOR SOLVING THE 

POINT-KINETICS EQUATIONS WITH FEEDBACK 

by 

P. D. Walkowski* and B. R. P e t e r s o n 

EBR-II Pro jec t 

September 1976 

' P r e s e n t A d d r e s s : Bechtel A s s o c i a t e s Pro fe s s iona l Corp. , 
Ann Arbor, Michigan 





TABLE OF CONTENTS 

Page 

ABSTRACT 5 

I. INTRODUCTION 5 

U. THEORY 6 

A. The Point -k inet ics Equations 6 

B. Phys ica l Interpretation of the Feedback Polynomial 9 

UI. SCEPTRE II 

IV. CONTINUOUS SYSTEMS MODELING PROGRAM (CSMP) 13 

V. COMPARISON OF SCEPTRE AND CSMP 15 

VI. CONCLUSIONS 17 

APPENDIXES 

A. SCEPTRE Output 18 

1. Input Program 18 
2. Printed Output 22 
3. Pr inter-plot ted Output 23 

B. CSMP Output 31 

1. Input Program 31 
2. Printed Output 34 
3. Pr inter-plot ted Output: RKS 35 
4. Pr inter-plot ted Output: STIFF 47 

ACKNOWLEDGMENTS 51 

REFERENCES 52 

ADDITIONAL REFERENCES 52 



LIST OF FIGURES 

No. Ti t le P a g e 

1. Input React ivi ty for Rod Drops in E B R - I I Run 4 9 F 6 

2. Power and Feedback Reac t iv i ty at S t a r t of E B R - I I Run 4 9 F 7 

3. C o n t r o l - s y s t e m Block D i a g r a m for Nonl inear F e e d b a c k S y s t e m . . 7 

LIST OF TABLES 

No. Ti t le P a g e 

I. Input Data: Constants Used in Simulat ion of 58-MWt Run 4 9 F . . . 14 

II. Compar ison of Run T imes 15 

III. Evaluation of N at Selected T ime In t e rva l s 16 



AN EXAMINATION OF THE SCEPTRE 
AND CSMP PROGRAMS FOR SOLVING THE 

POINT-KINETICS EQUATIONS WITH FEEDBACK 

by 

P. D. Walkowski and B. R. Pe terson 

ABSTRACT 

Two modeling p r o g r a m s , SCEPTRE and CSMP, are used 
to so lve the point -kinet ics e q u a t i o n s - - s e v e n coupled nonlinear 
differential equat ions- -wi th a l inear-feedback function. The 
constants used are appropriate for EBR-II; therefore the c o m ­
putational accuracy may be tested against the exper imental rod 
drops. 

Run t ime , versat i l i ty , programming e a s e , and accuracy 
are cr i ter ia used to evaluate the two programs . SCEPTRE is 
found to be nnore efficient in run t ime and CSMP more versa t i l e . 
The e a s e of programming is about the same for both programs . 
The accuracy is nearly equivalent if the optimum integration 
routines are used. 

I. INTRODUCTION 

Various feedback s y s t e m s of the EBR-II reactor wi l l be s imulated to 
examine poss ib le al ternative methods of control. A modeling program wil l be 
used to so lve the differential equations so that a model may be s imulated eff i ­
ciently without an advanced knowledge of FORTRAN. Both SCEPTRE' and the 
Continuous S y s t e m s Modeling Program (CSMP)^ allow the equations and pa­
r a m e t e r s to be written as a data set in an algebraic form. The programs then 
a s s e m b l e and execute efficient FORTRAN programs using built- in integration 
routines. 

This study was initiated to compare the capabi l i t ies of SCEPTRE and 
CSMP in solving the point -kinet ics equations. The s e r v i c e each program was 
intended to perform made them considerably different. 



II. THEORY 

A. The Point-kinetics Equations 

The reactivity of EBR-II follows the seven coupled point-kinetics 
•a 

equations derived by Henry: 

and 

dC.(t) p. 
n(t) - XiCi(t), 

where 

dt I 

i = 1, Z, . . . . 6, 

n(t) = neutron concentration at time t, 

Ci(t) = neutron-precursor concentration, 

p(t) = reactivity at time t, 

X^ - i th d e l a y e d - n e u t r o n d e c a y c o n s t a n t s , 

Pĵ  = i th d e l a y e d - n e u t r o n f r a c t i o n , 

(2) 

and 

I - n e u t r o n - g e n e r a t i o n t i m e . 

P(t) = P.(t) - p^(t ) . ^^j 

T h e r o d d r o p s of EBR-TT T-HT̂  AQ-C^ 

funct ion ( F . g . 1). T h e r . s e t L e o r t W ^ V . ^ ' v " ' ' ' " ' ^ " i n p u t - r e a c t i v i t y 

The m a g n i t u d e and d x r e c t i o n of t he s t t p c h Z e " " " ' ^ ' ' ' " ' ° ^^^• 
by the s ign and v a l u e of k. t he . i i l c Z l ^ T . K " " - a c t i v i t y w e r e d e t e r m i n e d 
t h i s input i s shown in F i g 2 ' " " ' ' ' ^ " r n u l t i p l i c a t i o n f a c t o r . T h e r e s p o n s e t o 

Fig. 1 

Input Reactivity for Rod 
Drops in EBR-II Run 49F 

5.0x10"̂  sec 
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Fig. 2 . Power and Feedback Reactivity at S u n of EBR-II Run 4S>F 

The con t ro l - sys tem diagram for the nonlinear feedback system is 
shown in Fig. 3, in which G(s) is the driving function and H(s) is the feedback 
function. 

/"oW o G(s) 
PW 

/'fbC) 
H($) 

Fig. 3 

Control-system Block Diagram 
for Nonlinear Feedback .System 

form 
Hyndman and Nicholson^ assumed the feedback function to be of the 

^ Aj exp(-sTi) 4- (Ai/Ti)exp(-sTi) 
"<«) = h —TTTT— '- I TTTTTi ' 

1=1 1=1 * 

where TJ is the feedback t ime constant, Aj is the feedback weighting function, 
and Ti is the delay of the ith t e rm. 

By an inverse Laplace t ransformation, this equation yields 

h(X) = i (VTi)exp[li^]. 
1=1 L ' IJ 



The functional r e p r e s e n t a t i o n of a s y s t e m is given by a V o l t e r r a 
expansion for all t i m e s . Gyftopoulos^ was able to show tha t e ach k e r n e l i s 
r e l a t ed to the output through a convolut ion o p e r a t i o n . H e n c e , 

Y(t) = ho + f h(t - T)x(T)dn 

+ J J H^l> Tz)x(t - Ti)x(t - TjdTi dT2 + . . . dT. . . . dTj^ dT, + . . . , 
'0 0 

(4) 

where 

and 

x = input t i m e - d o m a i n function 

y = output t i m e - d o m a i n function. 

Because the effects of nonl inear t e r m s a r e v e r y s m a l l and the n a t u r e 
of h(Ti, T2) is unknown, the l inea r - feedback approx ima t ion is u s e d : 

r°° 
Y(t) = Ho + j h(t - T)x(T)dT. (5) 

Because h{t - T) = 0 for T > t for any causa l s y s t e m , one need only i n t e g r a t e 
from t ime ze ro to t. 

Identifying like t e r m s in the reac t iv i ty equat ion gives 

i -^ L i 

-(t - Ti - X) 

In our normialized sys tem, 

_ , , n(A.) - no 
PiX) = n{X)- 1, 

where 

P{X)dX. 

and 

n{X) - total neutron density, 

no = normal iz ing neutron densi ty , 

n{x) = no rma l i zed neutron densi ty . 



Therefore , 

Wo^I^f'" M - l]exp 
"(t XJl 

T. 
dX. (6) 

The convolution integral in Eq. 6 can be broken up into (a) the integral 
for the current t ime step, where Eqs. 1 and Z are evaluated, and (b) the r e ­
mainder of thi- t ime integration to give 

• s ave 

new 
[n().) - l ] exp 

.) 

^ 
dX 

' save 

(X) - l ]exp 
(t X) 

dX. (7) 

With all the T^ = 0, the trapezo ida l -ru le approximation used in the computer 
program i s 

new save exp •save 

'•save ["('save) - Uex 
R t - tsaveJ 

+ l n ( t ) - i; (8) 

B. Phys ica l Interpretation of the Feedback Polynomial 

The feedback transfer function found exper imenta l ly by Hyndman and 
Nicholson^ amd fitted to EBR-II run 49F by Larson* orig inal ly had four t e r m s . 
This number of t e r m s was enough for model ing the f irst 15 sec of a rod drop. 
An additional t erm was n e c e s s a r y to rees tabl i sh 2 cents of react iv i ty at an 
infinite t ime. A fifth t e r m , with a 3 6 - s e c t ime constant, was added to the 
expres s ion to account for this react ivity observed in static m e a s u r e m e n t s but 
not in the fit. 

The t ime constant 5 was determined from 

p(t) = p ( t j ( l - e-t ! ) , 

where (>{tgt) = 0.02 dollar of react ivi ty , and. at t 
0.01 from Larson' s curve- f i t data.* 

= 25 s e c , the value of p is 
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where 

and 

Ai was found to be 0.0984 dollar/(Ap/p) from 

H(0)measured = ^i^)rod drop + ^5 , 

I A. 
HCJ.od drop = WJM ' ° - ° ° ' ' ' ' doUar/MW, 

H(0) , = 0.005 144 dollar/MW. 
^ 'measured ' 

Fuel and coolant expansion are thought to account for the 0.2- and 
0.4-sec negative coefficients. The long (2.0- and 10-sec) positive coefficients 
are postulated to be bowing effects of the subassemblies; the 5-sec negative 
coefficient is from rod-bank and bowing effects. 
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UI. SCEPTRE 

SCEPTRE (see Appendix A) is bas ica l ly designed for e l e c t r i c a l -
engineer ing-or iented prob lems . Block circuit elennents are modeled from 
s imple components . The blocks are arranged between labeled modes , and the 
transient or s t eady- s ta te output of parameters between various modes is r e ­
quested. SCEPTRE then extracts the n e c e s s a r y differential equations and 
assennbles and runs a double -prec i s ion FORTRAN program call ing on built-
in integration routines. Special cons iderat ions that allow for the direct entry 
of differential equations are used. 

The CIRCUIT DESCRIPTION heading is the only structural e lement of 
SCEPTRE needed. The DEITNED PARAMETERS subheading contains a l i s t ing 
of constants , initial condit ions, and all the differential and algebraic equations. 
The subheading OUTPUT partit ions off the var iables to be printed or pr inter-
plotted, and FUNCTIONS is followed by the input-ramp function. The RUN 
CONTROLS subheading contains speci f icat ions for s tep s i z e , e rror bounds, 
and integration type. 

Algebraic e x p r e s s i o n s must be entered in a logical sequence because 
there is no internal sort ing routine in SCEPTRE. All integrat ions , however , 
are executed at the end of the DEFINED PARAMETERS sect ion . 

The constants and initial conditions are entered in the DEFINED 
PARAMETERS sect ion of SCEPTRE. A convention requires the use of P as 
the first let ter of any parameter name. 

The convention for performing a lgebraic operations dictates that the 
express ions be written in the form of PY = XSl (PA+PB**PC). Any a lgebraic 
FORTRAN statement may appear in the parentheses as long as the variable 
names begin with the let ter P. The quantity inside the parentheses is identi­
fied as XSl (a mnemonic for e x p r e s s i o n SL), and the result is cal led v a r i ­
able PY. Alternat ive ly . TABLE cons i s t s of ordered pairs of points, and values 
at each integration s tep are determined by l inear interpolation. 

Only v a r i a b l e - s t e p - s i z e integration routines are avai lable with SCEPTRE. 
The three methods are a crude but fast trapezoidal (TRAP) technique, a Runge-
Kutta (RUK) routine, and a c o m p r o m i s e , XPO. The entire program is run in 
a double -prec i s ion mode. 

Many poss ib le res tr ic t ions on the integration routines are included in 
SCEPTRE. Limits of minimum and maximum absolute error and of re lat ive 
error may be prese t . The starting s tep s i z e is addressab le , as are the m a x i ­
mum and min imum p e r m i s s i b l e va lues . The MAXIMUM INTEGRATION PASSES 
speci f icat ion g ives the user further control over the program when debugging 
and trying new input functions. 
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FORTRAN subrou t ines a r e e a s i l y included in the S C E P T R E s i m u l a t i o n . 
They a r e called by an a l g e b r a i c defini t ion that p a s s e s p a r a m e t e r s to the s u b ­
routine. C a r e m u s t be taken to p r e s e r v e the i n h e r e n t a c c u r a c y of the s y s t e m 
by using doub le -p rec i s ion v a r i a b l e s and o p e r a t i o n s . 

Output is provided in t abu la r o r p r i n t e r - p l o t f o r m a t s only. The b r o a d e r 
label for the output is wr i t t en d i r ec t l y below the CIRCUIT DESCRIPTION c a r d ; 
the p a r a m e t e r s to be displayed occur af ter the O U T P U T c a r d . The p r o g r a m 
chooses its own output i n t e r v a l s , which a r e not un i fo rm, a l though the u s e r m a y 
also specify the m a x i m u m number of points p r i n t - p l o t t e d . The output a u t o ­
mat ica l ly indicates the number of i n t eg ra t ion s t eps t aken and the n u m b e r of 
steps that w e r e accepted by sat isfying the e r r o r c r i t e r i o n . 
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IV. CONTINUOUS SYSTEMS MODELING PROGRAM (CSMP) 

The Continuous S y s t e m s Modeling Program (CSMP) (see Appendix B) 
allows the f lexibil ity of e i ther b lock-diagram or differential-equation repre ­
sentations of a s y s t e m in a data set . F r o m these , the program compi les and 
runs a FORTRAN program. 

The INITIAL. DYNAMIC, and TERMINAL structural s egments are the 
main subdivis ions of the CSMP data set . CSMP builds the FORTRAN program 
from these s e g m e n t s . The INITIAL segment permits entry of constants and 
calculation of parameters that remain unchanged in the balance of the pro­
gram. E r r o r bounds, termination condit ions, integration methods , and output 
are specif ied in the TERMINAL segment . The body of the program executed 
repeatedly for each t ime step is in the DYNAMIC sect ion. 

Sets of coupled equations that could be p a r a l l e l - p r o c e s s e d are grouped 
into SORT s e c t i o n s , where the program deternnines the order of computation. 
NOSORT sect ions are used where instruction order is cr i t ica l . 

The initial conditions of integration operations are specif ied by INCON 
statements in the INITIAL segment of the data set . PARAMETER and 
CONSTANT a l so ini t ia l ize the data. Sonne procedures that require the resul ts 
of s evera l previous integration p a s s e s are used in the integration s c h e m e s 
and are stored internally. 

Simple ari thmetical expres s ions may be expres sed in FORTRAN, but 
for longer connputations. MACRO and PROCEDURE are m o r e useful. The 
routines can specify the transfer functions of a block diagram. Input functions 
may be chosen from the CSMP library or fitted from ordered pairs of data 
points. CSMP uses AFGEN to l inearly interpolate a s teep ramp function for 
input reactivity s imulating a rod drop. 

There are buil t - in codes for fixed- and v a r i a b l e - s t e p - s i z e integration 
in CSMP that are cal led for by a METHOD statennent. Three v a r i a b l e - s t e p -
s i z e routines used were: RKS. a Runge-Kutta s i n g l e - p r e c i s i o n routing; RKSDP, 
a Runge-Kutta double -prec i s ion routine; and STIFF, a compos i te routine used 
for "stiff" equations. Stiff equations are those having a large spread in t ime 
constants . CSMP was des igned for s i n g l e - p r e c i s i o n calculat ions , and only 
extens ive modif icat ions using subscript notation allow entirely double -prec i s ion 
calculat ions . 

In integration routines in which the step s i z e is varied, the m a x i m u m 
p e r m i s s i b l e relative and absolute e r r o r s may be specif ied. The absolute e r ­
ror (ABSERR) dominates for smal l integrator va lues , and the re lat ive e r r o r 
( R E L E R R ) dominates for larger va lues . The maximum poss ib le error in 
CSMP is the sum of RELERR and ABSERR. This e rror is computed by test ing 
the new functional value with two different formulas having complementary 
e r r o r t e r m s . Step s i z e is bounded by DELMIN and DELMAX s ta tements . 
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Ord ina ry FORTRAN s u b r o u t i n e s a r e eas i ly ca l led by an a l g e b r a i c 
definition. F o r example , HI = F S 0 L ( N . T A U l , N Z E R O , 1.0, T ) c a l l s for s u b ­
routine FSOL pass ing the five p a r a m e t e r s in p a r e n t h e s e s to the s u b r o u t i n e 
and names the answer HI in the m a i n p r o g r a m . 

E labo ra t e output documents a r e p o s s i b l e with CSMP b u i l t - i n s u b ­
rout ines . Run and job headings a r e en t e r ed af te r T I T L E and L A B E L h e a d i n g s . 
P r in t ed data a r e output in columns or blocks by PRINT s t a t e m e n t s at t i m e 
inc rement s specified by P R D E L . P r i n t e r - p l o t t e d da ta a r e ca l led at OUTDEL 
in tervals by an OUTPUT ca rd . Shaded and con tour p r i n t e r p lots a r e a l s o p o s ­
sible, as a r e CALCOMP and m i c r o f i l m g r a p h s . A RANGE output is a u t o m a t i ­
cally called and l i s t s the m i n i m u m and m a x i m u m va lues of a l l output v a r i a b l e s , 
Table I shows the constants used in the s imu la t ion of 58-MWt run 4 9 F . 

TABLE I. Input Data: Cons tan t s Used in 
Simulat ion of 58-MWt Run 49F3-

i ^1 , sec"^ Pi Cio = Pi/^i"^ Aj Ti, s e c T j , s e c 

1 0.0127 233 166 785.9699 0.060 0.2 0.0 

2 0.0317 1410 404 359.0479 0.100 0.4 0.0 

3 0.115 1300 102 766.7985 -0 .020 2.0 0.0 

4 0.311 2850 83 308.973 98 0.060 4.0 0.0 

5 1.40 1050 6 818.181 818 0.0984 36.0 0.0 

6 3.87 258 606.060 606 1 

Values used to de t e rmine constants w e r e : I - 1.1 x 10"'' s e c , 
P = 0.007 101, Tlo = 1.0 n e u t r o n s / c m ^ - s e c , and k = -1 4202 x 
10'^ dol lar . 
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V. COMPARISON OF S C E P T R E AND CSMP 

F o r conven ience and l ower cos t , S C E P T R E was run on Ai-rojet N u c l e a r 
C o r p o r a t i o n ' s IBM 360 70 c o m p u t e r , but the Vt-rsion J.6 CSMP c oulri be a s ­
s e s s e d only on the Argonne IBM 3 7 0 / r » 5 c o m p u t e r at A N L - E a s t . Nominal 
figures show the 370/ 195 to be e i^ht t i m e s a s fast as the ^60 70. 

A 2 0 - s e c s i m u l a t i o n of a r o d - d r o p w o r t h of about 2 r e n t s gave s t ab l e 
so lu t ions both to S C E P T R E ' s XPO in to^ ra t ion rout ine and C S M P ' s S T I F F in­
t e g r a t i o n . Run t i m e s w o r e fair ly c o m p a r a b l e (see Tab le II). C K a r l y , the 
Runge-Kut ta s ing le and double p r e c i s i o n take far i<>o long lo <onverge for p r a c ­
t ica l u s e in so lv ing n o n l i n e a r equa t ions of th i s type . 

T.ABLE II. C o m p a r i s o n of Run T i m e s 

Run T i m e s , s ec 

Actual C o r r e c t e d for IBM 3 6 0 ' 7 0 * 

S C E P T R E (Run on IBM 360/70) 
RUK >269'^ 
XPO 121 

CSMP (Run on IBM 370 '195) 
RKS 626 5 008 
RKSDP 850 6 800 
S T I F F 20 160 

*The IBM 3 7 0 / 1 9 5 is nomina l ly eight t i m e s as fast as the 
IBM 360 /70 . 

"The run used all the a l loca t ed t ime to s i m u l a t e only 0.4 s e c a f te r 
the rod d r o p . The method was p u r s u e d no fu r the r . 

The Runge -Ku t t a rout ine showed such ins tab i l i ty in the accep ted so lu ­
tion points that the v a r i a t i o n s w e r e a p p a r e n t in the c rude p r i n t e r p lo t s . An 
e x a m p l e is in Appendix B. The XPO and S T I F F rou t ines show no such v a r i ­
ance of ijutput v a l u e s . 

T h e s e r e s u l t s of ins tab i l i ty and long c o n v e r g e n c e t i m e s w e r e con f i rmed 
in d i s c u s s i o n s with ,1. Kaganove , A N L - E a s t . His e x p e r i e n c e with CSMP showed 
S T I F F to be five t i m e s a s fast as RKS in t eg ra t i on (see p. 13). Addi t iona l ly , 
he s u g g e s t e d thi- i m p l e m e n t a t i o n of o r< l ina ry -d i f f e r en t i a l - equa t i on p a c k a g e s 
such a s GEAR and EPISODE for t h e s e non l inea r s y s t e m s to i n c r e a s e running 
s p e e d s by a fac tor (;f 100 ove r the .STIFF rou t ine . 

At the s a m p l e t i m e i n t e r v a l s , the XPO and S T I F F rou t ines show good 
a g r e e m e n t with each o t h e r a s wel l a s with e x p e r i m e n t a l da ta ( see Tab le III). 
They a r e both low af te r the s t e p function, high 10 .sec l a t e r , and high at the 
end of the s i m u l a t i o n . B e c a u s e of th i s s e l f - c o n s i s t e n c y , we s p e c u l a t e tha t the 
m o d e l is not an exac t r e p r e s e n t a t i o n of the da t a . 
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T A B L E III. E v a l u a t i o n of N at S e l e c t e d T i m e I n t e r v a l s 

Va lue of N 

Method I m m e d i a t e l y a f t e r Rod D r o p At 11 s e c At 20 s e c 

E x p e r i m e n t a l Data 0.980 8 0.961 6 0.952 

S C E P T R E 
RUK 0.980 392 (0.04)^ N . A . ' ' N . A . ' ' 
XPO 0.980 4 0 3 ( 0 . 0 4 ) 0.962 6 3 4 ( 0 . 1 1 ) 0 .955 7 3 6 ( 0 . 3 7 ) 

CSMP 
RKS 0.979 3 (0.15) 0.942 58 (1.98) 0 .933 (2.00) 
RKSDP 0.980 4 9 + 0 . 0 0 4 4 8 ( 0 . 0 3 ) 0.978 29 ± 0.000 51 (1.74) N . A . ' ' 
S T I F F 0.980 29 (0.05) 0.961 84 (0.02) 0 .954 25 (0.24) 

P a r e n t h e s e s ind ica te p e r c e n t a g e dev ia t ion of compu ted da t a f r o m e x p e r i m e n t a l d a t a . 
Data not ava i l ab le . 

The mos t subject ive cons ide ra t ion for eva lua t ion is e a s e of p r o g r a m ­
ming. A c lea r advantage of S C E P T R E is that p r i n t e r plots a r e a lways m a d e , 
whether or not the run f in ishes . Thus , debugging is r e l a t i v e l y e a s y . 

CSMP, on the other hand, outputs at the end of a run , and a s p e c i a l 
DEBUG routine mus t be used to a t ta in any r e s u l t s f rom a nonpe r f ec t ed p r o ­
gram. The complexity of CSMP m a k e s debugging a fu r the r h a z a r d . S C E P T R E 
opera tes on a brief inflexible se t of ru les and is easy to l e a r n . A knowledge 
of FORTRAN allows one to make up any m i n o r def ic ienc ies of S C E P T R E with 
subrout ines . 

The XPO and STIFF rout ines have s i m i l a r a c c u r a c y when p r i n t i n g out 
s ing le -prec i s ion r e s u l t s . The rea l difference be tween CSMP and S C E P T R E 
is in the use of double p rec i s ion . SCEPTRE does al l ca l cu la t ions in double 
prec i s ion , and ca re mus t be taken to account for th i s in w r i t i n g F O R T R A N 
subrout ines . CSMP was designed to be s ingle p r e c i s i o n , and i t s ex t ens ion to 
double-prec is ion capabi l i t ies was anc i l l a ry . Consequent ly , the RKSDP c a l c u -
ates in tegra ls in double p rec i s ion and r e t u r n s a s i n g l e - p r e c i s i o n a n s w e r to 
he xnain p r o g r a m . A t rue doub le -p rec i s ion p r o g r a m in al l s t a g e s of c o m p u ­

tations would requ i re a new p r o g r a m in which al l v a r i a b l e s a r e subsc r ipTs 
This IS one se r ious drawback for CSMP. u u b c r i p i s . 
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VI. CONCLUSIONS 

Both SCEPTRE and CSMP can readily so lve nonlinear coupled equations 
with a l inear feedback function if efficient integration routines are used. This 
examination has shown that XPO is the best routine provided by SCEPTRE for 
these equations and STIFF is the best routine provided by CSMP. 

The routines are nearly comparable . The user should use the one with 
which he is most famil iar . However , SCEPTRE is a l ittle more efficient with 
respect to total run t ime and uses double prec is ion as the standard approach. 
On the other hand. CSMP provides somewhat more versat i l i ty . 



APPENDIX A 

SCEPTRE Output 

L Input Program 

SCEPTRE SYSTEM INPUT ~ 9 / 7 3 VERSION — S / 3 6 0 ~ OS RELEASE 2 1 . 7 

CIRCUIT DESCRIPTION 
REACTOR RESPONSE 
DEFINED PARAMETERS 

P8ETA = 0 . 0 0 7 1 0 1 
PBETAl = 0 . 0 0 0 2 3 3 
PBETA2 = 0 . 0 0 1 4 1 
PBETA3 = 0 . 0 0 1 3 0 
PBETA4 = 0 . 0 0 2 8 5 
PBETA5 - 0 . 0 0 1 0 5 
PBETA6 » 0 . 0 0 0 2 5 8 
PL = l . l E - 0 7 

PLAMl = 0 . 0 1 2 7 
PLAH2 ' 0 . 0 3 1 7 
PLAH3 = 0 . 1 1 5 
PLAM4 ' 0 . 3 1 1 
PLAM5 = 1 . 4 0 
PLAM6 = 3 . 8 7 
PTAUl • 0 . 2 
PTAU2 = 0 . 4 
PTAU3 = 2 . 0 
PTAU4 ' 4 . 0 
PTAU5 ' 3 b . 0 
PAl => 0 . 0 6 
PA2 = 0 . 1 
PA3 « - 0 . 0 2 
PA4 = 0 . 0 6 
PAS = 0 . 0 9 8 4 
P K = - l . 4 2 0 2 E - 4 
PN = 1 . 0 
PNO^l .O 

PMOLOl = Xl (PLAHl»PCl+f»LAM2«PC2+PLAM3*PC3+PLAM4»PC4+PLAM5*PC5 
+ PLAM6»PC6) 
D P N « X 2 ( t P R 0 - P B E T A ) » P N / P L + P H 0 L D l ) 
OPCl " X 3 ( P 6 E T A 1 « P N / P L - P L A M 1 - P C I ) 
0PC2 '^ X4 (PBETA2 'PN /PL -PLAM2*PC2 I 
DPC3 = X5(P8ETA3»PN/PL-PLAM3»PC3I 
0PC4 = X6 (PBETA4>PN/PL-PLAM4-PC4I 
DPC5 * X71PBETA5*PN/PL-PLAM5'PC5) 
DPC6 « X81PBETA6' 'PN/PL-PLAM6»PC6) 
PHI = F S O L I P N , P T A U l , P N O , 1 1 
PH2 - F S O H P N , P T A U 2 , P N 0 , 2 ) 
PH3 " F S 0 L t P N , P T A U 3 , P N 0 , 3 ) 
PH4 » F S 0 L < P N , P T A U 4 , P N 0 , 4 1 
PH5 » F S 0 L t P N , P T A U 5 , P N 0 , 5 » 
PHH1=XX1(PA1'PH1/PTAU11 
PHH2«XX2tPA2i PH2/PTAU2) 
PHH3=XX31PA3»PH3/PTAU3) 
PHH4<:XX4(PA4»PH4/PTAU4) 
PHHS'XXSCPAS-PHS/PTAUS) 

PR0FB»X10( (PHHl+PHH2+PHH3*PHH4*PHH5l*PBETA» 
PTBLl « TABLE l ( T I M E ) 
PR0»X11{PK»PTBL1-PR0FB) 
P C 1 « 1 6 6 7 8 5 . 9 6 9 9 
PC 2 - 4 0 4 3 5 9 . 0 4 7 9 
P C 3 = 1 0 2 7 6 6 . 7 9 8 5 
P C 4 = 8 3 3 0 8 . 9 7 3 9 8 
P C 5 « 6 8 1 8 . 1 8 1 8 1 8 
P C 6 < 6 0 6 . 0 6 0 6 0 6 1 

OUTPUTS 

P N , P C 1 , P C 2 . P C 3 , P C 4 , P C 5 , P C 6 , P R 0 , P L 0 T 
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fN.PLOr (^KC) 
PHOFB.PIOT 
PNOL01.PNMl,PH»UiPMH}.PNM4,PHHS.rTBll«XSTK2,OPNiPlOT 
ore liOPC2tOPC)fOPC4tOPC»iOPC«. PLOT 

FUNCTIONS 
TABLE I 

- I t O t 1 . 0 . 0 . 0 . l .OOOOOS.l.O. SO.O. t .O 
RUN CONTRaS 

STOP TINE mio. 
NIN I iUN STEP S K E - . S E - O S 
STARTING STEP S U E < 2 . E - 0 6 

NAXINiN PRINT PO ID TS • 400 
•MIINUM INTEGRATION PASSES • 40000 
NINIMUN ABSOLUTE ERROR>0.0002 
NAIINUN ABSOLUTE ERROR-O.OI 
MINIMUM RELATIVE ERROR-0.0004 
MAXIMUM RELATIVE ERROR'O.Ol 

ENO 



o 

LEVEL 21.7 ( JAN 73 ) 
OS/360 FORTRAN H 

DATE 75.234/17.37.15 

COMPILER OPTIONS 

ISN 0002 
ISN 0003 
ISN 0004 
ISN 0005 
ISN 0006 
ISN 0007 
ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 
ISN 0016 

ISN 0017 
ISN 0018 
ISN 0020 
ISN 0021 
ISN 0022 
ISN 0023 
ISN 0024 

KE.^^iS;?:;o??S^!K^S^^K!?0^if^oS???^OEDIT.NOID.NOXREF 
FUNCTION FSOL IPN.TAUI,PNO.AK) 
IMPLICIT REAL*8(A-J,0-Z) 
^rMSNfHLr /F i ivEisf .TSAVE.PNSAVE.KFIRST 

K=AK 
IF lKFIRST.EQ. l ) GO TO 10 
KFIRST-l 
FSOL = 0 . 
TSAVE • TIME 
DO 5 K« l , 5 

5 FSAVE(K)°0. 
PNSAVE = PN 

in F^n[° = ̂ FSAVE(K)»OEXP((TSAVE-TIMEI/TAUI)* „ . „ . „ , 
i (UPNSAvi-PN0)*DEXP«-CTIME-TSAVE) /TAun*PN-PN0) /2 . ) 

$*(TIME-TSAVE) 
FSAVE(K)»FSOL 
I F ( K . N E . 5 ) GO TO 
PNSAVE = PN 
TSAVE « TIME 

100 CONTINUE 
RETURN 
ENO 

100 

.OPTIONS IN EFFECT NAME. HAIN.OPT.OO.LINECNT=58,SIZE.OO0OK. 

OPTIONS IN EFFECT. SOURCE.EBCOIC.NOLIST.NODECK.LOAO.NOMAP.NOEOIT.NOIO.NOXREF 

.STATISTICS- SOURCE STATEMENTS - 23 .PROGRAM SIZE = 778 

-STATISTICS' NO DIAGNOSTICS GENERATED 

* * * * * * END OF COMPILATION • • • * • * 

.STATISTICS- 19 DIAGNOSTICS THIS STEP. HIGHEST SEVERITY CODE IS 4 

83K BYTES OF CORE NOT USED 



TRANSIENT SOLUTION CONTROLS AFTER SIMULATION 

INTEGRATION ROUTINE 

CURRENT SIMULATION MME 

INTEGRATION S T » COUNTER 

INTEGRATION PASS COUNTER 

SOLUTION EIECUTION T IME lELAPSEOI 

SOLUTION EXECUTION TIMEiCPUt 

TERNIMTION COWITION 

XPO 

2.00012TSD 01 

3.99600000 03 

• .S160000D 01 

2.0S0OOO0O 00 

0 . 0 

STOP TIME EXCEEDED INORMAL STOP I 

N» 



2. P r i n t e d Output 

TRANSIENT ANALYSIS RESULTS 

REACTOR RESPONSE 

TIME 
PN 
P C I 
PC2 
PC3 
PC4 
PCS 
PC6 
PRO 
PROFB 
PHOLOl 
PHHl 
PHH2 
PHH3 
PHH4 
PHH5 
P T B L l 
XSTPS2 
DPN 
DPCl 
DPC2 
0PC3 
0PC4 
DPC5 
0PC6 

T IME 
PN 
P C I 
PC2 
PC3 
PC4 
PCS 
PC6 
PRO 
PROFB 
PHOLOl 
PHHl 
PHH2 
PHH3 
PHH4 
PHHS 
PTBLl 
XSTPSZ 
DPN 
OPCl 
0PC2 
DPC3 
DPC4 
0PC5 
0PC6 

0 . 0 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 0 5 
4 . 0 4 3 5 9 E 0 5 
1 . 0 2 7 6 7 E OS 
8 . 3 3 0 8 9 E 04 
6 . 8 1 8 1 8 E 0 3 
6 . 0 6 0 6 1 E 02 
0 . 0 
0 . 0 
6 . 4 5 5 4 5 E 0 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
2 . 0 0 0 0 0 E - 0 6 
2 . 4 4 1 5 4 E - 0 4 

- 8 . i a i 8 1 E - 0 7 
- 6 . 6 8 1 8 2 E - 0 5 
- 1 . 8 1 8 1 8 E - 0 4 
- 4 . 9 0 9 0 8 E - 0 6 

2 . 5 4 S 4 5 E - 0 5 
- 1 . 5 2 4 S S E - 0 5 

2 . 6 5 9 8 0 E - 0 2 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E OS 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 0 5 
8 . 3 3 0 8 9 E 0 4 
6 . 8 1 8 1 8 E 03 
6 . 0 6 0 6 1 E 0 2 

- 3 . 7 7 S 8 1 E - 1 3 
3 . 7 7 5 8 1 E - 1 3 
6 . 4 5 5 4 5 E 0 4 
2 . 8 1 S 4 3 E - 1 1 
2 . 4 2 4 2 0 E - 1 1 

- 9 . 9 5 6 5 1 E - 1 3 
1 . 4 9 8 4 4 E - 1 2 
2 . 7 3 8 5 8 E - 1 3 
0 . 0 
2 . 0 4 8 0 0 E - 0 3 

- 6 . 1 1 1 8 0 E - I 0 
7 . 1 4 2 0 5 E - 0 6 

- 1 . 8 6 1 6 6 E - 0 5 
- 1 . 3 6 9 7 2 E - 0 4 

9 . 1 7 2 4 2 E - 0 5 
5 . 9 0 9 2 3 E - 0 5 

- S . 8 0 1 8 8 E - 0 6 

4 . 6 0 0 0 0 E - 0 5 
l.OOOOOE 00 
1 . 6 6 7 e 6 E 05 
4 . 0 4 3 59E 05 
1 . 0 2 7 6 7 E 05 
8 . 3 3 0 8 9 E 04 
6 . 8 1 8 1 8 E 03 
6 . 0 6 0 6 1 E 0 2 

- 4 . 7 0 4 1 1 E - 1 6 
4 . 7 0 4 1 1 E - 1 6 
6 . 4 5 5 4 S E 04 
3 . 5 6 3 2 2 E - 1 4 
2 . 9 6 9 4 9 E - 1 4 

- 1 . 1 8 7 8 4 E - 1 5 
1 . 7 8 1 7 7 E - i 5 
3 . 2 4 6 7 9 E - 1 6 
0 . 0 
8 . 0 0 0 0 0 E - 0 6 
1 . 2 4 1 7 3 E - 0 5 
6 . 7 a 5 5 6 E - 0 6 

- 2 . 0 8 0 4 1 E - 0 5 
- 1 . 3 9 3 9 3 E - 0 4 

8 . 8 0 9 7 1 E - 0 5 
S . 9 7 1 7 1 E - 0 5 

- 6 . 8 2 4 2 3 E - 0 6 

7 . 3 7 0 2 0 E - 0 2 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 0 5 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 05 
8 . 3 3 0 8 9 E 04 
6 . 8 1 8 1 8 E 03 
6 . 0 6 0 6 1 E 0 2 

- 9 . 5 7 9 7 3 E - 1 3 
9 . 5 7 9 7 3 E - 1 3 
6 . 4 5 5 4 5 E 04 
6 . 9 5 0 5 9 E - 1 1 
6 . 3 2 4 7 0 E - 1 1 

- 2 . 7 1 9 8 6 E - 1 2 
4 . 1 1 7 4 2 E - 1 2 
7 . S 6 4 5 0 E - 1 3 
0 . 0 
8 . 1 9 2 0 0 E - 0 3 
4 . 7 6 9 3 0 E - 0 8 
7 . 0 7 3 7 7 E - 0 6 

- 1 . 8 9 7 6 0 E - 0 5 
- 1 . 3 6 5 8 9 E - 0 4 

8 . 9 6 0 9 2 E - 0 5 
5 . 5 0 2 5 4 E - 0 5 

- 4 . 8 9 9 8 2 E - 0 6 

1 . 6 6 0 0 0 E - 0 4 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 05 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 05 
8 . 3 3 0 8 9 E 04 
6 . a i 8 1 8 E 03 
6 . 0 6 0 6 1 E 02 

- 2 . 2 5 5 3 9 E - 1 5 
2 . 2 5 5 3 9 E - 1 5 
6 . 4 5 5 4 5 E 0 4 
1 . 7 0 8 2 7 E - 1 3 
1 . 4 2 3 8 3 E - 1 3 

- 5 . 6 9 6 1 8 E - 1 5 
8 . 5 4 4 4 4 E - 1 5 
1 . S S 7 0 1 E - 1 5 
0 . 0 
1 . 6 0 0 0 0 E - O S 
4 . 2 3 9 1 5 E - 0 9 
7 . 1 9 2 6 0 6 - 0 6 

- 1 . 8 3 4 0 7 E - 0 5 
- 1 . 3 7 1 2 0 E - 0 4 

9 . 3 0 7 2 7 E - 0 5 
6 . 1 5 4 1 2 6 - 0 5 

- 6 . 3 7 0 5 I E - 0 6 

1 . 9 6 5 8 2 E - 0 1 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 05 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E OS 
a . 3 3 0 8 9 E 0 4 
6 . 8 1 8 1 8 E 03 
6 . 0 6 0 6 1 E 0 2 

- 2 . 1 1 6 8 9 E - 1 2 
2 . 1 1 6 8 9 E - 1 2 
6 . 4 5 5 4 5 E 0 4 
1 . 4 3 8 3 9 E - 1 0 
1 . 4 8 3 9 6 E - 1 0 

- 7 . 1 4 3 1 8 E - 1 2 
1 . 0 9 7 5 6 E - 1 1 
2 . 0 4 3 S 7 E - 1 2 
0 . 0 
1 . 6 3 8 4 0 E - 0 2 
3 . 1 9 9 6 9 E - 0 8 
7 . 0 0 2 4 4 E - 0 6 

- 1 . 9 2 6 8 9 E - 0 5 
- 1 . 3 5 0 1 6 E - 0 4 

8 . 5 4 2 7 5 E - 0 5 
4 . 5 8 1 3 1 E - 0 S 

- 3 . 2 3 4 5 9 E - 0 6 

4 . 8 6 0 0 0 6 - 0 4 
l.OOOOOE 00 
1 . 6 6 7 8 b E 05 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 05 
8 . 3 3 0 8 9 E 0 4 
6 . 8 1 8 1 8 E 03 
6 . 0 6 0 6 1 E 0 2 

- 7 . 0 4 2 6 4 E - 1 S 
7 . 0 4 2 6 4 E - 1 5 
6 . 4 5 5 4 5 E 04 
5 . 3 3 3 2 1 E - 1 3 
4 . 4 4 6 9 6 E - 1 3 

- 1 . 7 7 9 6 2 E - 1 4 
2 . 6 6 9 S 9 E - 1 4 
4 . 8 6 4 8 4 E - 1 S 
0 . 0 
6 . 4 0 0 0 0 E - 0 5 

- 9 - 9 6 8 0 6 E - 1 0 
7 . 1 9 2 1 0 E - 0 6 

- 1 . 8 3 4 3 4 E - 0 S 
- 1 . 3 7 1 1 8 E - 0 4 

9 . 3 0 5 7 6 E - 0 5 
6 . 1 5 1 1 5 E - 0 5 

- 6 . 3 6 3 1 S E - 0 6 

S . 2 4 2 6 2 E - 0 1 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E OS 
4 . 0 4 3 S 9 E OS 
1 . 0 2 7 6 7 E OS 
8 . 3 3 0 8 9 E 0 4 
6 . 8 I 6 1 8 E 03 
6 . 0 6 0 6 1 E 02 

- 1 . 8 1 1 6 2 E - 0 9 
1 . 8 1 1 6 2 E - 0 9 
6 . 4 5 5 4 5 E 04 
1 . 2 9 1 0 8 E - 0 7 
1 . 2 1 7 2 0 E - 0 7 

- S . 3 7 5 8 0 E - 0 9 
8 . 1 6 4 4 9 E - 0 9 
1 . 5 0 4 2 9 E - 0 9 
0 . 0 
6 . 5 5 3 6 0 E - 0 2 

- 1 . 3 6 9 8 3 E - 0 2 
3 . 8 0 3 5 5 E - 0 S 
1 . 9 7 6 5 6 E - 0 4 
8 . 6 7 6 3 1 E - 0 5 

- 5 . 4 0 1 1 9 E - 0 4 
- 1 . 5 3 7 0 2 E - 0 3 
- 1 . 0 1 6 2 6 6 - 0 3 

1 . 3 8 2 0 0 E - 0 3 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 0 5 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 05 
8 . 3 3 0 8 9 E 04 
6 . 8 1 8 1 8 E 0 3 
6 . 0 6 0 6 1 E 02 

- 2 . 0 4 1 3 9 E - 1 4 
2 . 0 4 1 3 9 E - 1 4 
6 . 4 5545 E 04 
1 . 5 4 5 0 7 E - 1 2 
1 . 2 8 9 7 6 E - 1 2 

- 5 . 1 6 6 0 a E - 1 4 
7 . 7 5 0 4 4 E - 1 4 
1 . 4 1 2 5 2 6 - 1 4 
0 . 0 
1 . 2 8 0 0 0 E - 0 4 

- 9 . 7 6 7 9 7 E - 1 0 
7 . 1 9 0 2 0 E - 0 6 

- l . a 3 S 3 8 E - 0 5 
- 1 . 3 7 1 1 4 E - 0 4 

9 . 3 0 0 9 6 E - 0 5 
6 . 1 4 2 6 2 6 - 0 5 

- 6 - 3 4 3 1 3 E - 0 6 

7 . 0 4 4 8 6 E - 0 1 
9 . 9 9 9 8 0 E - 0 1 
1 . 6 6 7 8 6 E OS 
4 . 0 4 3 5 7 6 05 
1 . 0 2 7 6 5 6 05 
8 . 3 3 0 8 3 6 0 4 
6 . 8 1 8 1 0 6 03 
6 . 0 6 0 4 6 E 0 2 
2 . 0 4 4 9 1 E - 0 8 

- 2 . 0 4 4 9 1 E - 0 8 
6 . 4 S S 4 0 E 0 4 

- 1 . 3 1 9 7 4 6 - 0 6 
- 1 . 4 9 5 4 4 6 - 0 6 

7 . 6 9 7 0 0 E - 0 8 
- 1 . 1 9 1 8 6 E - 0 7 
- 2 . 2 3 4 1 9 E - 0 8 

0 . 0 
8 . 1 9 2 0 0 E - 0 3 
9 . 0 1 3 5 3 6 - 0 1 

- 3 . 8 4 4 9 6 6 - 0 2 
- 1 . 9 7 8 1 0 6 - 0 1 
- 6 . 9 8 7 1 8 6 - 0 2 
- 3 . 3 7 8 8 3 6 - 0 1 
- 7 . 9 0 9 3 9 6 - 0 2 

7 . 6 5 2 3 5 6 - 0 3 

3 . 5 5 8 0 0 6 - 0 3 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 05 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 E 0 5 
8 . 3 3 0 8 9 E 0 4 
6 . 8 1 8 1 8 E 0 3 
6 . 0 6 a 6 1 E 0 2 

- 5 . 2 6 8 5 3 E - 1 4 
5 . 2 6 8 5 3 E - 1 4 
6 . 4 5 5 4 5 E 0 4 
3 . 9 8 2 4 3 E - 1 2 
3 . 3 3 3 3 9 E - 1 2 

- 1 . 3 3 8 0 9 6 - 1 3 
2 . 0 0 8 0 2 6 - 1 3 
3 . 6 6 0 5 0 6 - 1 4 
0 . 0 
5 . 1 2 0 0 0 E - 0 4 

- 9 . 1 1 3 1 4 E - 1 0 
7 . 1 8 5 6 6 E - 0 6 

- 1 . 8 3 7 8 9 E - 0 5 
- 1 . 3 7 1 0 4 6 - 0 4 

9 . 2 8 9 3 6 6 - 0 5 
6 . 1 2 1 9 8 6 - 0 5 

- 6 . 2 9 4 7 2 6 - 0 6 

7 . 8 6 4 0 6 6 - 0 1 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 6 0 5 
4 . 0 4 3 5 7 6 OS 
1 . 0 2 7 6 6 6 OS 
8 . 3 3 Q B 3 E 0 4 
6 . 8 i a 3 1 E 0 3 
6 . 0 6 1 0 0 6 0 2 
1 . 1 0 1 7 1 6 - 0 8 

- 1 . 1 0 1 7 1 E - 0 8 
6 . 4 S 5 4 5 E 0 4 

- 5 . 8 9 8 4 1 E - 0 7 
- 9 . 0 8 9 7 8 E - 0 7 

S . 8 7 1 4 0 E - 0 8 
- 9 . 3 4 4 0 6 6 - 0 8 
- 1 . 7 9 4 4 4 6 - 0 8 

0 . 0 
4 . 0 9 6 0 0 6 - 0 3 

- 1 . 6 6 0 5 3 6 - 0 1 
1 . 1 3 0 8 4 6 - 0 2 
1 . 0 6 2 4 1 6 - 0 1 
1 . 8 2 6 3 8 6 - 0 1 
2 . 6 6 7 5 3 6 - 0 1 

- 1 . 5 5 5 2 4 6 - 0 1 
- 1 . 4 5 2 0 7 6 - 0 1 

1 . 0 2 1 4 0 6 - 0 2 
l.OOOOOE 0 0 
1 . 6 6 7 8 6 E 05 
4 . 0 4 3 5 9 E 05 
1 . 0 2 7 6 7 6 0 5 
8 . 3 3 0896 04 
6 . 8 1 8 1 B E 0 3 
6 . 0 6 0 6 1 E 02 

- 1 . 4 9 6 5 2 6 - 1 3 
1 . 4 9 6 5 2 6 - 1 3 
6 . 4 5 5 4 5 6 0 4 
1 . 1 2 6 7 4 E - 1 1 
9 . 5 0 9 2 6 E - 1 2 

- 3 . 8 4 2 6 1 E - 1 3 
5 . 7 7 1 2 7 6 - 1 3 
1 . 0 5 2 8 5 6 - 1 3 
0 . 0 
1 . 0 2 4 0 0 E - 0 3 

- 4 . 1 8 3 6 8 E - 1 1 
7 . 1 7 2 2 2 E - 0 6 

- 1 . 8 4 5 2 7 6 - 0 5 
- 1 . 3 7 0 7 0 6 - 0 4 

9 . 2 5 4 4 6 E - 0 5 
6 . 0 5 9 4 4 E - 0 5 

- 6 . 1 4 8 6 9 E - 0 6 

8 . 4 7 8 4 6 E - 0 1 
1 . 0 0 0 0 3 E 0 0 
1 . 6 6 7 8 6 E OS 
4 . 0 4 3 5 7 E 05 
1 . 0 2 7 6 6 E OS 
8 . 3 3 0 8 4 E 0 4 
6 . 8 1 8 6 6 E 0 3 
6 . 0 6 1 8 3 6 0 2 

- 1 . 5 2 1 6 5 6 - 0 9 
1 . 5 2 1 6 5 E - 0 9 
6 . 4 S S S 3 E 0 4 
3 . 5 5 1 0 6 E - 0 7 

- 1 . 0 9 0 1 1 E - 0 7 
2 . 9 6 8 6 6 E - 0 8 

- 5 . 1 O 5 8 0 E - 0 8 
- 1 . 0 4 3 7 0 E - 0 8 

0 . 0 
8 . 1 9 2 0 0 6 - 0 3 

- 1 . 1 7 5 2 4 6 0 0 
6 . 7 4 6 5 8 6 - 0 2 
4 . 4 5 5 2 8 6 - 0 1 
4 . 9 4 0 6 2 6 - 0 1 
9 . 4 2 6 4 9 6 - 0 1 

- 3 . 8 4 0 3 5 6 - 0 1 
- 4 . 0 4 2 6 2 E - 0 1 



3. Pr inter-plot ted Output 

PLOT OF PN vs TIME 

PN 

LOOSE 00 

l.OOOE 00 T 

9.9506-01 

9 .900E-Oi 

9 .aS0E-01 

9.SOOE-01 

9 . T S 0 E - 0 i 

9 . 7 0 0 E - 0 1 

9.M0E-O1 

9 . * 0 O E - 0 1 

9 . 5 9 0 E - 0 1 

0 . 0 

• • • 
»• 

• • • 
• • • 

• • • 
• • • • 

• • • • • • 

1 1 

2.000C 00 

I 1 

6.000E 00 

TINE 

I I 

l.OOOE 01 1.400E 01 l.SOOE 01 
4 .000E 00 B.OOOE 00 1.200E 01 1.600E 01 2 .000E 0 1 



PRO 

0.0 

PLOT OF PRO VS T IME 

,_»_** 

- 2 . 5 0 0 E - 0 5 

-5 .000E-05 

-7 .S00E-Q5 

- l .OOOE-04 

- 1 . 2 5 0 E - 0 4 

- l , 5 0 0 E - 0 4 

- 1 . 7 5 0 E - 0 4 

-2 .000E-04 

-2 .2506-04 

t * ,^ * * * * * * * * » » • * 

«**•*•**«* 
* * * * • *» * * 

* * * * « * * • 
*^--** * 

-2 .5006-04 

0 .0 
2.0006 00 

1 1 

6.0006 00 
4.000E 00 S.OOOE 00 

TIME 

l.OOOE 0 1 1.400E 01 1.800E 01 
1.200E 01 1.600F 01 2.000E 01 



PLOT OF PCI VS TIME 

PCI 

1.6T5E OS 

l . * 7 3 E OS 

1.6T0E OS 

l .MBE OS 

l . M S E OS 

1.M3E OS 1 ~ 

• ••• 
• ••• 

l . * 6 0 e 05 

l .6SaE 09 

• ••• 
•••• 

•••• 
•••• 

• • • 1 

• •• 
• ••• 

l .*»9E OS 

1.6S3E OS 

1.6506 OS 

0 . 0 
2.OO0E 00 6.000E 00 l.OOOE 0 1 

4 .000E 00 S.OOOE 00 1.200E 01 

TIME 

1 1 

1.400E 01 l.SOOE 01 
l .60aE 01 2.000E 01 



PLOT OF PC2 VS TIME 
PC2 

4.OTOE 05 

4.0606 05 

4.0S0E 05 

4.040E 05 

4.030E 05 

4.020E 05 

4 . 0 i a E OS 

4.0006 05 

3.990E OS 

3.980E OS 

3 .9 TOE OS 

0 . 0 

• • * -

• * » * 

*** 

• ** 

• *•• 

2.0006 00 6.0006 00 
4 .0006 00 8.0006 00 

TIMe 

1.0006 01 1.4006 01 l.eOOE 01 
1-200E 0 1 1.6006 01 2.0006 01 



PLOT OF PCS VS TINE 

PCS 

1.0S9E 05 

l . O M E OS 

1.02SE 05 

1.020E 05 

1.015E 05 

I .OIOE 05 

LOOSE 05 

l.OOOE 05 

9.950E 06 

9.900E 06 

9 .a50E 06 

• •• 
••• 

••• 

• •• 

• •• 

• •• 
••• 

• •• 
••• 

•••• 
••• 

• •• 
• • •• 

•••• 
• ••• 

• ••• 

2.00flE 00 6.000E 00 l.OOOE 0 1 1.600E 01 l.BOOE 01 
0 . 0 6 .000E 00 S.OOOE 0 0 1.200E 01 1.6006 01 2 .000E 01 

T I N E 



00 

PC4 

8 . 4 5 0 6 04 

8.400E 04 

8.350E 04 

8.300E 04 

8.250E 04 

8.200E 04 

** 
•* 

• * 

PLOT OF PC4 VS TIME 

8.150E 04 

8.100E 04 

8.050E 04 

• »* • 
* • » t 

• •** 
* * « * * 

* * *«« 

B.OOOE 04 ******** 

7.950E 04 

0 . 0 

1 I 

6.000E 00 

TIME 

I 1 

1 . 4 0 0 6 01 1 . 8 0 0 6 01 2.0006 00 6.0006 00 1.0006 01 . „ „ „ „ , , nnne n i 
/t.OOOE 00 8 .0006 00 1.2006 01 1.600E 01 2.0006 01 



PLOT OF PCS VS TIME 

PCS 

T.OOOE 03 

6.9S0E 03 

6.900E 03 

6.aS0E 03 

6.a00£ 01 

6 .7506 Oi 

6.7006 03 

6.6S0E 03 

6.600E 03 

6.550E 03 

6.S0OE 03 

0 . 0 

• • • 

1 1 

2.000E 00 6.000E 00 l.OOOE 01 L 4 0 0 E 01 1.8006 01 
4 .0006 00 8 .0006 00 L200E 01 l . 6 0 0 f 01 2 .0006 01 

T I M E 

IS* 
>o 



PC6 

6.150E 02 1 

6.lOOE 02 

6.050E 02 

6.0006 02 

5.950E 02 

5.900E 02 

* « * 
* • * < 

PLOT OF PC6 VS TIME 

UO 

o 

5.8S0E 02 

5.8006 02 

****** 
»****•« 

******** ********* 
• * • • * * • * * 

************* 
*•••***•»**»** — 

** 
5.7506 02 

5.7006 02 

5.6506 02 1 

0 . 0 

1 1 

2.0006 00 6.0006 00 1.0006 01 
*-000e 00 8.0006 00 

TIM6 

1.4006 01 1.8006 01 
1.2006 01 1.6006 01 2.0006 01 
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APPENDIX B 

CSMP Output 

I. Input Program 

l » » C f Nt INi lDi lS s t S K N X O O f I isr , PROGRAM I I I V I H I TRANSIATOM 3 u r P J T t t » 

I S I I I A L 
D U M . 0 . 0 
Of I " 1 .0 
0 C . ' « 0 , 0 
O C i « 0 . 0 
X 4 . 0 . 0 
n c s . O . O 
ncb'O.o 
» 0» 0 . 0 
l»0F«"0 . .1 
H l . 0 . 0 
M 2 - 0 . 0 
H l . O . O 
H < . . 0 . 0 
M 5 - 0 . 0 
H H l ' O . O 
M H 2 « 0 . 0 
UN J . 0 . 0 
H M * « 0 . 0 
H M S ' O . O 

C I - 1 6 6 7 8 5 . 9 6 ' J ' J 
C 2 » * J 4 J ^ 9 . 0 * f 9 
C 3 « i o ; r 6 6 . r9B5 
C 4 * 8 ) ) 0 8 . 0 7 1 9 8 
C 5 > 6 8 1 8 . 1 H 1 8 1 8 
C 6 « 6 0 6 . 0 6 0 > > 0 6 1 

F INC T i n s T A B i e i - I O . O . O . O I . ( 1 . 0 . 0 . 0 1 . 1 1 . 0 0 0 0 0 5 . 1 . ) . 1 1 0 . . 1 . I 
PARAMFTEi- b M A > . 0 0 7 1 0 1 . PF T A 1> . 0 0 0 2 1 1 . BF T A 2 « . 0 0 1 4 1 . . . . 

B F T A I * . 0 0 1 ) 0 . ) « F T A 4 « . ) 0 ^ 8 ' > . BET A5> . 0 0 1 0 5 . . . . 
H ( r A 6 * . 0 0 0 2 5 8 

PAHAMFTCH L ' X I - O . O l ^ r , I A H 2 a O . O ) I 7 . L AM ) . 0 . 1 I S . . . . 
l A H ^ . O . l l l . I A M S * L 4 0 . L A M 6 « 1 . 8 r 

PARAMETFM T X I I | « 0 . 2 . T A ' J ? > 0 . 4 . T A U ) « ? . 0 , T AU4*4 . 0 , T AUS« 1 6 . 0 
PAaAMEIER A l > 0 . 0 6 . A 7 > 0 . I 0 . A 3 > - 0 . 0 2 . A 4 > 0 . 0 6 . A 5 ' 0 . 0 ^ « 8 4 
PARAMETER l « l . t F - o r 
PARAMETER K > - . 0 0 0 1 4 2 0 2 
PAMAMC TCR N Z [ X 3 * I . 0 
PARtxETCR N O ' l . O 
INCON N ' l . O 
INCON n C l 0 « 1 6 6 7 8 S . 9 6 9 9 
INCON n C 2 0 > * 0 4 1 5 9 . 0 4 79 
INCON 0 C 1 0 « l 0 2 r 6 6 . 7 9 8 S 
INCON O C 4 0 - 8 1 1 0 8 . 9 7 1 9 8 
INCON 0 C S 0 * 6 8 1 S . 1 S 1 B I 8 
INCON D C 6 0 - 6 0 6 . 0 6 0 6 0 6 1 
DYNAMIC 

SORT 
f i ' l M . A F C E N M A B l H . T M f I 
Rn*K*0<JM-l l l )FB 
M O L O l " I L A M l » C l » l A M 2 « C 2 » l A N ) * C J » l » M 4 « C * » . . . 

L A M 5 » C 5 » I A N 6 » C 6 ) 
n N > l ( R O - B E r A I * N / l » H Q L O l l 
0<". l " ( B f T A l » N / L - l A M l * C l I 
O C 2 » i n f I A 2 » N / L - L A M 2 * C 2 ) 
o r 1 - ( 8 6 T A 3 * N / l - l A H l » r 3 ) 
r > C 4 » I B £ I A 4 » N / L - l AH4»C4) 
0 C 5 « « B f T A 5 « N / l - L A M 5 » r 5 l 
D C 4 * l 8 F r A 6 * N / l - L A M 6 * C 6 ) 
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N=INTGRL(NO,DN) 
C 1 = I N T G R L ( D C 1 0 , D C 1 I 
C2= INTGRL«0C20 ,DC2 I 
C 3 = I N T G R L ( D C 3 0 , 0 C 3 ) 
C4=1NTGRL(0C40 ,DC4) 
C 5 = I N T G R L I 0 C 5 0 , D C 5 ) 
C 6 = I N T G R L ( 0 C 6 0 , D C 4 ) 
T=TIME 
NOSORT 
H 1 = F S 0 L I N , T A U 1 , N Z E R 0 , 1 . , T ) 
H 2 = F S 0 L ( N , T A U 2 . N Z E B 0 , 2 . , T ) 
H 3 = F S Q L I N , T A U 3 , N Z E R a , 3 . , T ) 
H 4 = F S 0 L 1 N , T A U 4 , N Z E R 0 , 4 . , T ) 
H5= F S O L ( N , T A U 5 , N Z E R O , 5 . , T ) 
SORT 
H H 1 = A 1 * H I / T A U 1 
HH2=A2*H2/TAU2 
HH3=A3*H3 /TAU3 
HH4=A4*H4/TAU4 
HH5=A5*H5/TAU5 
R0FB=(HHl4-HH2+HH3tHH4«-HH5l*BETA 
TERMINAL 
TIMER F I N T I M = 2 0 . 0 , P R 0 E L = . l , 0 U T D E L = . l , O E L T = . 0 0 0 0 1 

METHOD RKS 
LABEL CSMP/ DOUBLE PEBCISION RKS INTEGRATION 
PRINT N , R 0 , R 0 F B , r , l , C 2 , C 3 , C 4 , C 5 , C 6 

T ITLE REACTOR RESPONCE 

OUTPUT N,RO,ROFB 
LABEL REACTOR RESPONCE TO ROD DROP N' RO R0F8 
OUTPUT C 1 , C 2 , C 3 
LABEL REACTOR RESPONCE TO ROD DROP CI C2 C3 
OUTPUT C4,C5,C6 
LABEL REACTOR RESPONCE TO ROD DROP C4 C5 C6 

OUTPUT 
DUM 
H2 
C2 
DCl 
DC 6 
HH3 

ABSERR 
RELERR 

END 
STOP 

N= . 
N = . 

0002 
0 0 0 4 

VARIABLE SEQUENCE 
OCl 
H3 
C3 
C I 
C6 
HH4 

DC 2 
H4 
C4 
DC 2 
T 
HH5 

DC3 
H5 
C5 
C2 
H I 
ROFB 

DC 4 
HHl 
C6 
DCS 
H2 

DCS 
HH2 
DUM 
C3 
H3 

DC6 
HH3 
RO 
DC4 
H4 

RO 
HH4 
HOLDl 
C4 
H5 

ROFB 
HH5 
ON 
DCS 
HHl 

H I 
CI 
N 
C5 
HH2 
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CURRfNI 

60 
119 

r • 
18 • 
0 « 
21 
6 
1 1 
0 
1 

.•>5 

0 
1 
0/2 

NAXIHJM 

UOO 
1800 
JOO 
•.00 
SO 
50 
126 
200 
100 
20 
987 

» » * I M A ' c l M I O N l A H l l r r i N I F N I S » » i 

MACRO AND S I A I I N i N I in i lPUTS 
S T A I f N l N I i N P i i l h i m AREA 
I N T ' i . R A T . ' K S . - f ,Nii^» K l i i r n OtiTPUTS 
»AI. AMf I f . S»» IN" I P'N GFNFRATnilS 
SIO'iAI.F V A B U n L F<^»INTCr.RATnH ARRAYS 
H l ^ i r ^ Y \ s ; i M|HO,.T l\l OCX N \ » l S 
M A i m O f f - I S I T I t i S S AND M M ' . ' ' MACi- l^ 
MACRi' S T A I t Mt NT <l '11. fti,( 
L I T ' S A L CONStANl S»P»A&f 
SORT S r C T I O N S 
M A t l M I H S I A U H I N I S IN S f C T ^ - ^ 

FUNC < ION F S O L U ' N . T A U I . P N O . A K , ? | M ' I 
C . l -X . IN / H I P / F S A V I 151 . T ^ A V f .PNSAVf , » F I R S T 
K«AX 
I K u M K S I . ' o . l t - . ) TO 10 
K F I R S T . 1 
F < i i ) l . 0 . 
t S A V l . l l M f 
on s <•» , s 

S F ' , \ V F ( » t > 0 . 
P N S A . F . • " 
GO Til 1 0 0 

10 »S1L • F S A V t l - d * E X P M T S A V C - r i H E l / T A U l I * 
t l I I P N S A V E - ^ N O I * c x P I - I I | M F - T S A V C I / T A U I I * P N - P N O I / . : 
» • ! T m t - T S A V f I 

SS JV ! • I » F S 0 1 
| F ( « . N F . 5 » CO rr; 1 0 0 
l»N'.AvE«PN 
T S A V t » I I ' « f 

1 0 0 C '• . ' INoC 
Bf IlJ<N 
t s I 

t t » 6 N C V T i i S S L A ' d . n u * P J M t « 



2. P r i n t e d Output 

UO 

REACTOR RESPONCE 

TIME 
0.0 
1.0000000-01 
0.200000 
0.300000 
0.400000 
0.500000 
0.600000 
0.700000 
0.800000 
0.900000 
1.00000 
1.10000 
1.20000 
1.30000 
1.40000 
1.50000 
1,60000 
1.70000 
1.80000 
1.90000 
2.00000 
2.10000 
2.20000 
2.30000 
2.40000 
2.50000 
2.60000 
2.70000 
2.80000 
2.90000 
3.00000 
3.10000 
3.20000 
3.30000 
3.40000 
3.50000 
3.60000 
3.70000 
3.80000 
3.90000 
4.00000 
4.10000 
4.20000 
4.30000 
4.40000 
4.50000 
4.60000 
4.70000 
4.80000 
4.90000 
5.00000 
5.10000 
5.20000 
5.30000 
5.40000 
5.50000 
5.60000 

N 
i.OOOO 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0000 
1.0001 
1.0002 
1.0001 
1.0001 

0.97933 
0.97796 
0.97704 
0.97340 
0.97303 
0.97245 
0.97178 
0.97042 
0.96870 
0.96793 
0.96724 
0.96616 
0.96532 
0.96414 
0.96331 
0.96221 
0.96179 
0.96087 
0.96004 
0.95923 
0.95872 
0.95779 
0.95780 
0.95615 
0.95726 
0.95702 
0.95616 
0.95572 
0.95500 
0.95434 
0.95367 
0.95102 
0.94939 
0.94928 
0.94909 
0.94894 
0.94869 
0.94870 
0.94829 
0.94907 
0.94889 
0.94866 
0. 94660 
0.94624 
0.94783 
0.94775 

PO 
0.0 
1.53616E-07 
2.18429E-07 
6.14325E-07 
6.31259E-07 
4.30115F-07 
4.44497E-07 
3.87387E-07 
1.06393E-06 
1.07413E-06 
6.399566-07 

-1.36512E-04 
-1.33866E-04 
-1.29040E-04 
-1.44045E-04 
-1.35144E-04 
-1.28985E-04 
-1.23S19E-04 
-1.21555E-04 
-1.25628E-04 
-1.21599E-04 
-1. 16973E-04 
-1.151 12E-04 
-1. 11516E-04 
-1.11060E-04 
-1.07684E-04 
-1.06ai7E-04 
-9.98323E-05 
-9.85739E-05 
-9.65788F-05 
-9.51702t-05 
-9.05759E-05 
-8.96448F-05 
-8.39258E-05 
-7.85699E-05 
-8.13932F-05 
-7.94522E-05 
-8.21383F-05 
-8.22351E-05 
-8.29818E-05 
-8.23156E-05 
-8.22930E-05 
-9.58R75E-05 
-9.92734E-05 
-9.31802E-05 
-9.06089E-05 
-8.e5363F-05 
-8.63993E-05 
-6.36112E-05 
-e.44ei6E-05 
-7.7827aF-05 
-7.75906.E-05 
-7. 8270DE-05 
-7.65162E-0b 
-7.82ia3E-05 
-7.B7423E-05 
-7.977',7E-05 

ROFB 
0.0 
-1.53616E-07 
-2.18429E-07 
-6.14325E-07 
-6.31259E-07 
-4.30115E-07 
-4.44497E-07 
-3.87387F-07 
-1.06893E-06 
-1.07413E-06 
-8.39956E-07 
-5.50846E-06 
-8.15392E-06 
-1.29795E-05 
2.02539E-06 

-6 .87637E-06 
-1 .30353E-05 
-1 .82014E-05 
-2 .04647E-05 
-1 .63917E-05 
-2 .04213E-05 
-2 .50467E-05 
-2 .69076E-05 
-3 .05 039E-05 
-3 .09603E-05 
-3 .43355E-05 
-3 .52031E-05 
-4 .21877E-05 
-4 .34461E-05 
-4 .54412E-05 
-4 .68498E-05 
-5 .14441E-05 
-5 ,23752E-05 
-5 .80942E-05 
-6 .34501E-05 
•6 .06268E-05 
-6 .25678E-05 
-5 .98817E-05 
-5 .97849E-05 
•5 .90382E-05 
-5 .97044E-05 
-5 .97270E-05 
-4 ,61325E-05 
-4 .27466E-05 
-4 .88398E-05 
•5 .14111E-05 
-5 .34837E-05 
•5 .56207E-05 
-5 .8208aE-05 
•5 .75384E-05 
•6 .41922E-05 
-6 .44294E-05 
•6 .37500E-05 
-6 .55038E-05 
•6 .38017E-05 
-6 .32777E-05 
•6 .22453E-05 

CI 
1.66786E 05 
1.66786E 05 
1.66786E 05 
1.66786fc 05 
1.66786E 05 
1.66786E 05 
1.667a6E 05 
1.66786c 05 
1.66786E 05 
1.66786E 05 
1.66786E 05 
1.667a6E 05 
1.66786E 05 
1.667836 05 
1.66783E 05 
1.667a3£ 05 
1.667a3E 05 
1.66783E 05 
1.66782t 05 
1.66763E 05 
1.66723E 05 
1.66721E 05 
1-66679E 05 
1.66646E 05 
1.66606E 05 
1.66605E 05 
1.65540E 05 
1.66460E 05 
1.66434fc 05 
1.66381E 05 
1.66303E 05 
1.66301E 05 
1.66299E 05 
1.6619bE 05 
1.66193E 05 
1.66144E 05 
1.66078E 05 
1.65989E 05 
1.65985E 05 
1.65930E 05 
1.65826E 05 
1.65729E 05 
1.65648E 05 
1.65622E 05 
1.65589E 05 
1.65544E 05 
1.65500E 05 
1.65445E 05 
1.65387E 05 
1.65297E 05 
1.65226E 05 
1.65169E 05 
1.65119E 05 
1.6509b£ 05 
1.65089E 05 
1.65002E 05 
1.649a4E 05 

C2 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04359E 05 
4.04212E 05 
4.04068E 05 
4.03916E 05 
4.03766E 05 
4.03608E 05 
4.03451E 05 
4.03298E 05 
4.03128E 05 
4.02984E 05 
4.02a29E 05 
4.02677E 05 
4.02523E 05 
4.02374E 05 
4.02220E 05 
4.02070E 05 
4.01908E 05 
4.01751E 05 
4.01604E 05 
4.01445E 05 
4.0128aE 05 
4.01136E 05 
4.00985E 05 
4.00831E 05 
4.00681E 05 
4.00526E 05 
4.00360E 05 
4. 00204E 05 
4.00054E 05 
3.99899E 05 
3.99744E 05 
3.99591E 05 
3.99433E 05 
3.99280E 05 
3.99130E 05 
3.989756 05 
3.98820E 05 
3.98664E 05 
3.98511E 05 
3.98356E 05 
3.982066 05 
3.98052E 05 
3.97895E 05 
3.97741E 05 
3.97592E 05 
3.97438E 05 
3.972866 05 

C3 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02767E 
1.02620E 
1.02476E 
1.02324E 
1.02177E 
1.0202aE 
1.01894E 
1.01753E 
1.01606E 
1.01462E 
1.01342E 
1.01190E 
1.01069E 
1.00944E 
1.00822E 
1.00672E 
1.00539E 
1.003a8E 
1.00261E 
1.00146E 
99995. 
99867. 
99747. 
99645. 
99518. 
99398. 
99332. 
99243. 
99117. 
99062. 
98958. 
98861. 
98779. 
98654. 
9852.7. 
98482. 
98438. 
98382. 
98324. 
98234. 
98218. 
98162. 
98111. 
98091. 
98082. 
98075. 
98057. 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C4 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83309. 
83153. 
82995. 
82841. 
82670. 
82511. 
82354. 
82202. 
82032. 
81887. 
81733. 
81582. 
81429. 
81280. 
81126. 
80976. 
80842. 
80691. 
80564. 
80450. 
80368. 
60241. 
80120. 
80044. 
80039. 
79990. 
79946. 
79903. 
79898. 
79842. 
79772. 
79708. 
79626. 
79501. 
79410. 
79365. 
79321. 
79266. 
79231. 
79229. 
79227. 
7922 7. 
79217. 
79197-
79188. 
79186. 
79168. 

C5 
6818.2 
6818.2 
6818.2 
6818.2 
6818.2 
68 18.2 
6818.2 
6818.2 
6818.2 
6818.2 
6818.2 
6794.9 
6771.9 
6754.6 
6739.1 
6720.4 
6707.0 
6693.7 
6678.2 
6667.4 
6655.2 
6645.5 
6633.2 
6622.0 
6612.3 
6602.8 
6592.7 
6582.9 
6573.4 
6563.4 
6553.6 
6544.4 
6536.8 
6532.1 
6532.1 
6530.7 
6528.1 
6523.2 
6519.7 
6516.2 
6510.6 
6506.8 
6498.4 
6489.1 
6480.1 
6475.6 
6473.1 
6471.4 
6470.7 
6468.9 
6468.8 
6468.8 
6468.8 
6468.8 
6468.4 
6466.6 
6465.2 

C6 
606.06 
606.06 
606.06 
606.06 
606.06 
606.06 
606. 06 
606.06 
606.06 
606.06 
606.06 
601.94 
598.90 
596.61 
594.79 
593.02 
591.63 
590.75 
589.78 
588.89 
588.12 
587.51 
586.74 
586.03 
585.28 
584.69 
584.06 
583.48 
582.88 
582.26 
S8L6S 
581.15 
580.62 
580.38 
580.38 
580.29 
5 80.08 
579.62 
579.27 
578.92 
578.54 
578.18 
577.48 
576.85 
576.15 
575.55 
575.22 
575.06 
574.99 
574.78 
574.78 
574.78 
574.78 
574.78 
574.77 
574.59 
574.42 



3. Pr inter-p lot ted Output: RKS 

CSMP/ OIUBlf PFRriSIl jN RKS INIfG^ATION 
REAcn" RESPONCt I I ' RIO nanv K RO BOFB 

-1.5000F-04 
-l.'.OOOt-O* 
0.9750 

• X' .HUFo 
••••kO 
• »• .N 

5.00006-05 
s.ooooe-os 
1.025 

TIME 
3.0 
O.IOOOO 
0.20000 
0.30000 
0.40000 
0.50000 
(1.60000 
0.70000 

o.eoooo 
0.90000 
1 .OOO"! 
1.1000 
1.2000 
1.3000 
I.4J30 
1.5000 
1.6000 
1.7000 
1.8000 
1.9000 
2.0000 
2.1000 
2.2030 
2.3000 
2.4000 
2.^000 
2.6000 
2.7000 

2.9000 
i.OOOO 
i.lOOO 
3.2000 
3.3000 
1.4000 
3.500J 
3.6000 
3.7000 
3.8000 
3.9000 
4.0000 
4.1000 
4.2000 
4.3000 
4.4000 
4.5000 
4.6000 
4.7000 
4.8000 
4.9000 
5.0000 
5.1000 
5.2000 
5.1000 
5.4000 
5.5000 

I 
1 
1 
I 
1 

1 
I 
1 
I 
1 

J. 
0. 
0. 
0. 
0 
0 
0 
0. 
0. 
n. 
• 1 . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.0000 

.0000 

.0000 

.0001 

.0001 

.0001 

.0000 

.0001 

.0002 

.0001 

.0001 
)7>.l » 

9 7 7U'-
9 7 34 1 
97303 
97745 
971 71 

9fr8 70 
•(«-?'<( 

96t 16 
9t.51.' 
96414 
96331 
96221 
961 n 
96 08 7 
96004 
9 592 3 
95872 
95 7 79 
95760 
95815 
95720 
95702 
95616 
95572 
95500 
95434 
95147 
95102 
949 JO 
94928 
94900 
94894 
44869 
94870 
94820 
94907 
948 89 
94R66 
94860 
94824 
94783 

I I X-
I I 1 
I I X 
I I X 

I I X* 
I I X • 

* I I * < I 
• I 1 • X I 

• I I » t I 
• I ' I IX 

• I * I X I 
* I » I > I 

• I • I « I 
• I • I X I 

• I • I « 1 
. [ » 1 X 1 . 

• 1 • I X I 
• I • 1 « I 

• I * I I I 
• I • i n I 

• I » I « I 
• I • I X I 

• • I X I 
• • I X I 
! • • I X I 
! - • » 11 I -
I • • Xl I 
I * * XI I 
I * ( I I 
I •- • X I I 
I • • X I I 
I • • X I I 
I • • X I I 
I » • X I I 
I • • X I I 

- - - - - - - - - - - - - - - - - I - - * - - - • - - - - - . . X I - . . - - . . . . . - - - . . - - . | . 
I • • X 1 I 
I* IX I 

• • I X I 
• I * X I 
• I • XI I 
• I • XI I 
• I • X I I 
*I • X I I 

• I • X I I 
* | * X I I -
• I • X I I 
• I • X I I 
* l • I I I 

• I • X I I 
• I • X I I 

RO 
0 . 0 
1 .S1616F-07 
2 . I 8 6 2 9 E - 0 T 
6 .14125E-07 
6 .11299E-0T 
4 .10119E-0T 
4 . 4 6 6 9 7 6 - 0 7 
i.sriarE-or 
t . 0 6 8 9 3 6 - 0 6 
1 .074116-06 
8 .199566 -07 

- 1 . 1 6 5 1 2 6 - 0 4 
- 1 . 1 1 8 6 6 6 - 0 4 
- 1 . 2 9 0 4 0 6 - 0 4 
- 1 . 4 4 0 4 5 6 - 0 4 
- 1 . 1 5 1 4 4 6 - 0 4 
- 1 . 2 8 9 8 5 6 - 0 4 

I - 1 . 2 1 8 1 9 6 - 0 4 
I - 1 . 2 1 5 5 5 6 - 0 4 

- 1 . 2 5 6 2 8 6 - 0 4 
- 1 . 2 1 5 9 9 6 - 0 4 
- 1 . 169T1F-04 
- 1 . 1 5 1 1 2 6 - 0 4 
- 1 . 1 1 5 1 6 6 - 0 4 
- 1 . 1 1 0 6 0 6 - 0 4 
- 1 . 0 7 6 8 4 6 - 0 4 
- 1 . 0 6 8 1 7 6 - 0 4 
- 9 . 9 8 1 2 1 6 - 0 5 
- 9 . 85 7196-05 

I - 9 . 6 5 7 8 8 6 - 0 5 
I - 9 . 5 1 7 3 2 6 - 0 5 

- 9 . 0 5 7 5 9 6 - 0 5 
- 8 . 9 6 4 4 8 6 - 0 5 
- 8 . 392586-05 
- 7 . 8 5 6 9 9 6 - 3 5 
- 8 . 1 1 9 1 2 6 - 0 5 

I - 7 . 9 4 5 2 2 F - 0 5 
T - 8 . 2 1 1 8 1 6 - 0 5 
I - 8 . 2 2 } 5 l ' ^ - 0 5 
I - 8 . 2 9 8 1 8 6 - 0 5 
I - 8 . 2 1 1 5 6 ^ - 0 5 
I - a . 2 2 9 1 0 6 - 0 5 

- 9 . 5 8 8 7 5 6 - 0 5 
- 9 . 9 2 7 1 4 6 - 3 5 
- 9 . 1 1 8 0 2 6 - 0 5 
- 9 . 0 6 0 8 9 6 - 0 5 
- 8 . 8 5 1 6 1 6 - 0 5 
- 8 . 6 1 9 9 1 6 - 0 5 
- 8 . i a i l 2 6 - 0 5 

I - 8 . 6 4 8 1 6 6 - 0 5 
I - 7 . 7 8 2 7 8 6 - 0 5 
I - 7 . 7 5 9 0 6 6 - 0 5 
I - 7 . 8 2 7 0 0 6 - 0 5 
I - 7 . 6 5 1 6 2 6 - 0 5 

- 7 . 8 2 1 8 3 6 - 0 5 
- 7 . 8 7 6 2 1 6 - 0 5 

ROFB 
0 . 0 

- 1 . 5 3 6 1 6 6 - 0 7 
- 2 . i e 6 2 9 E - « 7 
- 6 . 1 6 3 2 5 E - 0 T 
- 6 . 1 I 2 5 9 E - O T 
- 4 . 1 0 1 1 5 6 - 0 7 

- 3 . 8 7 3 a 7 E - 0 7 
- 1 . 0 6 0 9 3 6 - 0 6 
- 1 . 0 7 6 1 3 6 - 0 6 
- 8 . 3 9 9 5 * 6 - 0 7 
- 5 . 5 0 8 6 6 6 - 0 6 
- 8 . 1 5 3 9 2 6 - 0 6 
- 1 . 2 9 7 9 5 6 - 0 5 

2 . 0 2 5 3 9 6 - 0 * 
- 6 . 8 7 6 3 7 6 - 0 6 
- 1 . 1 0 1 5 3 6 - 0 5 
- 1 . 8 2 0 1 6 6 - 0 5 
- 2 . 0 4 6 6 7 6 - 0 5 
- 1 . 6 1 9 1 7 6 - 0 9 
- 2 . 3 4 2 1 3 6 - 0 5 
- 2 . 5 0 4 6 7 6 - 0 5 
- 2 . 6 9 0 766-05 
- 1 . 0 9 0 1 9 6 - 0 9 
- 1 . 0 9 6 0 3 6 - 0 9 
- 1 . 6 1 1 9 9 6 - 0 9 
- 1 . 9 2 0 1 1 6 - 0 9 
- 4 . 2 1 8 7 7 6 - 0 9 
- 6 . 1 4 4 6 1 6 - 0 9 
- 4 . 9 4 4 1 2 6 - 0 9 
- 4 . 6 8 4 9 a 6 - 0 9 
- 5 . 1 6 6 6 1 6 - 0 9 
- 9 . 2 3 7 9 2 6 - 0 9 
- 9 . 8 0 9 6 2 6 - 0 9 
- 6 . 1 6 9 0 1 6 - 0 5 
- 6 . 0 6 2 6 8 6 - 0 5 
- 6 . 2 5 6 7 * 6 - 0 5 
- 5 . 9 S a i 7 6 - 0 5 
- 9 . 9 7 * 6 9 6 - 0 9 
- 9 . 9 0 3 8 2 6 - 0 9 
- 9 . 9 7 0 6 6 6 - 0 9 
- 9 . 9 7 2 7 0 6 - 0 9 
- 4 . 6 1 3 2 9 6 - 0 9 
- 4 . 2 7 4 6 6 6 - 0 9 
- 4 . 8 a 3 9 8 6 - 0 9 
- 5 . 1 4 1 1 1 6 - 0 9 
- 9 . 3 6 0 3 7 6 - 0 9 
- 9 . 9 6 2 0 7 6 - 0 9 
- 9 . a 2 0 S a 6 - 0 9 
- 9 . 7 9 3 8 6 6 - 0 9 
- 6 . 6 1 9 2 2 6 - 0 9 
- 6 . 6 6 2 9 6 6 - 0 5 
- 6 . 3 7 5 0 0 6 - 0 9 
- 6 . 9 9 0 3 0 6 - 0 9 
- 6 . 3 8 0 1 7 6 - 0 9 
- 6 . 3 2 7 7 7 6 - 0 5 

L» 



UO 

5.7000 
5.8000 
5.9000 
6.0000 
6.1000 
6.2 000 
6,3000 
6,4000 
6.5000 
6.6000 
6.7000 
6.8000 
6.9000 
7.0000 
7.1000 
7.2000 
7.3000 
7.4000 
7.5000 
7.6000 
7.7000 
7.8000 
7.9000 
8,0000 
3.1000 
8.2000 
8.3000 
8.4000 
8.5000 
8.6000 
8.7000 
8,8000 
8.9000 
9.0000 
9.1000 
9.2000 
9.3000 
9.4000 
9.5000 
9.6000 
9.7000 
9.6000 
9.9000 
10.000 
10.100 
10.200 
10.300 
10.400 
10.500 
10.600 
10.700 
10.800 
10.900 
11.000 
11.100 
11.200 
11.300 
11.400 
11.500 
11.600 
11.700 
11.800 
11.900 

0,94733 
0,94668 
0,94675 
0.94640 
0,94613 
0,94575 
0.94561 
0.94540 
0.94541 
0.94472 
0.94458 
0,94472 
0,94454 
0,94430 
0,94416 
0.94425 
0,94350 
0.94312 
0.94318 
0.94325 
0.94330 
0.94325 
0,94327 
0,94273 
0,94188 
0,94220 
0.94196 
0.94213 
0,94216 
0,94191 
0,94168 
0,94174 
0.94297 
0,94281 
0.94307 
0.94295 
0.94281 
0.94326 
0.94367 
0.94359 
0,94317 
0,94301 
0,942 78 
0,94348 
0,94288 
0,94275 
0.94289 
0.94443 
0.94395 
0.94308 
0.94331 
0,94277 
0.94291 
0.94258 
0.94278 
0.94237 
0,94222 
0,94314 
0.94259 
0.94239 
0.94244 
0.94138 
0,94112 

I + 
I + 
I + 
I + 
I + 
1 + 
I + 
I + 
I + 
I + 

I + 
I + 
1 + 
I + 
I + 
I + 
I + 
I + 
I + 

* I • 
I + 
I + 
I * 
I +-
I + 
T + 
1 + 
I + 

I + 
I + 
I • 
I • 
1 • 
1 + 
I + 
I + 
I * 

1 + 
I + 
I + 
I + 
I + 
I + 
1 4-
I + 
I + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

X 
X 

• 1 
+ I 
• I 

+ I 
I 
I 
I 
I 
I 
I 
I 
I 

— I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I X 

I X 
I X 
I X 
I X 
IX 
IX 
I X 
I X 
I X 

I X 
I X 
I X 
I 
I 
IX 
X 
IX 
IX 

— I X 
IX 
IX 
I X 

XI 
X 
X 
X 
I X 
I X 

* 
* 
* 
* 

* 
* 
* 
* 

* 
* 
* 
* 
• * _ 

* 

* 
* 
* 
X 
X 

X 

* 

X 
X I i \ 

X 

X 
X 

X 
X 
X 

X 
X 

X 
X 

— X — 
X 

X 
X 

X 
X 

X 

* 
* 

X 

< 
X 

X 
X 

X 
X 
X 

* 
* 
* 
* 
* 

I . _ ' 

* I 1 ' 

* I I 
* I 1 ' 

» I J ' 

* I T 
* I T 
* I T 

* I I 
* 1 , 

' * I I 
1 * 1 1 
I * I I 
' * I I 
I * 1 I 

' * I I 
I * I t 

—~ 1 —*—————— — — — — — — I — — • • — • • • — » • • • • « » » _ . 
' • I I 
I * I I 

' * I I 
I * I I 
I * I I 
I * I I 
I * I I 
* I T 
* I I 

-7.875236-05 
-8.19346E-05 
-7. 88358E-05 
-7.77176E-05 
-7.68738E-05 
-7.844586-05 
-7.625876-05 
-7.500916-05 
-7.390046-05 
-7.75798E-05 
-7.788196-05 
-7.610186-05 
-7.581846-05 
-7.593406-05 
-7.372016-05 
-7.191786-05 
-7.536156-05 
-7.442 766-05 
-7.295226-05 
-7.149796-05 
-6.936066-05 
-5.840636-05 
-6.737676-05 
-7.023496-05 
-7.490776-05 
-7.150846-05 
-7.023156-05 
-6.798106-05 
-6.710676-05 
-6.840286-05 
-6.699986-05 
-6.554656-05 
-5.538666-05 
-5.589506-05 
-5.339546-05 
-5.357306-05 
-5.411936-05 
-4.992036-05 
-4.631766-05 
-4.536676-05 
-4.890716-05 
-5.040896-05 
-5.074746-05 
-4.485146-05 
-4.883326-05 
-4.930126-05 
-4.752296-05 
-3.556726-05 
-3.853876-05 
-4.454686-05 
-4.234726-05 
-4.573616-05 
-4.409026-05 
-6.597366-05 
-4.417976-09 
-4.633596-05 
-4.590596-05 
-4.009306-05 
-4.287136-05 
-4.312156-05 
-4.282936-05 
-4.997216-05 
-5.023576-05 

-6.326776-OS 
-6.008546-05 
-6.318426-05 
-5.430246-05 
-6.514626-05 
-5.3 57426-05 
-5.576136-05 
-5.701096-05 
-6.811966-05 
-6.444026-05 
-6.413816-05 
-6.591826-05 
-5.520166-05 
-5.60850E-05 
-5.829996-05 
-7.010226-05 
-6.655856-05 
-6.759246-05 
-6.905786-05 
-7.052216-05 
-7.255946-05 
-7.351376-05 
-7.454336-05 
-7.178516-05 
-6.711236-05 
-7.05116E-0S 
-7.178856-05 
-7.403906-05 
-7.491336-05 
-7.351726-05 
-7.502026-05 
-7.547356-05 
-8.563346-05 
-8.512506-05 
-8.852466-05 
-8.844706-05 
-8.790076-05 
-9.209976-05 
-9. 570246-05 
-9.555336-05 
-9.31129E-05 
-9.161116-05 
-9.127266-05 
-9.716866-05 
-9.318686-05 
-9.271886-05 
-9.439716-05 
-1.066536-06 
-1.033S1E-O6 
-9.737326-05 
-9.957286-09 
-9.628396-05 
-9.792986-05 
-9.606*66-05 
-9.786036-05 
-9.56861E-09 
-9.511316-05 
-1.019276-06 
-9.916076-05 
-9.889B56-05 
-9.919076-05 
-9.206776-05 
-9.178336-05 



12.000 
12.100 
12 .200 
12 .100 
12.400 
12,500 
12.600 
12,700 
12.800 
12.900 
13.000 
13.100 
13.200 
13.100 
11.600 
11.500 
11.600 
11.700 
11.800 
11.900 
14.000 
14,100 
14.200 
14.300 
14.400 
14 ,500 
14 .600 
14 .700 
14 .800 
14 .900 
15 .000 
15 .100 
15 .200 
15 .100 
15 .400 
15.500 
15 .500 
15 .700 
15 .800 
15 .900 
15.000 
16 .100 
16.200 
15.100 
16.400 
16 .503 
16 .600 
16 .700 
16 .800 
16 .900 
17 .000 
17 .100 
17 .200 
17 .100 
17 .400 
17 .500 
17 .600 
17 .700 
17 .800 
17 .900 

0 .94051 
0 .91998 
0.91962 
0 .91779 
0 .91745 
0 .91720 
0 .91699 
0 .91671 
0.916SS 
0.93929 
0 .91958 
0 .93898 
0.91842 
0.91814 
0 .91816 
0 .94040 
0 .91967 
0.91875 
0 .91879 
0.9181S 
J, ^^ieoa 
0 .91770 
0 . 9 1 7 ' . j 
0 .91726 
0 .93491 
0 .43477 
0.93306 
0 .91100 
0.91108 
0 .91219 
0.91222 
0 .91257 
0 .91246 
0 .91241 
0 . 9 1 1 / 0 
0 .9157? 
0.934 79 
0 .93412 
0 .91190 
0 .93350 
0 .914*7 
0.91195 
0 .93429 
0.91167 
0 .93445 
0 .914 75 
0 .91420 
0 .93390 
0 .93375 
0 .93343 
0 .93441 
0 .9160J 
0 .91528 
0 .91467 
0 .93456 
0 .91505 
0 .91471 
0 .91449 
0 .91517 
0 .91417 

* X 

» X 

* X 

X » 

. X 

» X 
* X 

» X 

• X 

» X 

» I 

• X 
> X 

• X 

• X 
• X 

• X 

X * 

• X 

• X 

> X 

• X 

• X 

• X 

• X 

» X 

— X -

X 

X 

X 

-5.076716-05 
- 5 . 6 3*9*6-05 
-5.317006-05 
- * .6 l3236-05 
-6.0*7656-05 
-5.707606-09 
-5.661*36-09 
-5.456166-05 
-5.309636-05 
-3.170666-05 
-2.899816-05 
-3.366*76-05 
-3 . **12*E-05 
-3.*636*e-05 
-3.616346-05 
-2.033006-05 
-2.5507*6-05 
-3.173116-05 
-3.10*216-05 
-3.3**51E-05 
-3.572*06-05 
-3.763636-05 
-3 . * *16*6-05 
-3.933996-05 
-9.349156-09 
-5.192*06-05 
-6.0*2156-05 
-5.610796-05 
-5.029376-05 
-5.310366-05 
-5.06*236-05 
-6.676636-05 
-6.665316-05 
-6.513206-05 
-3.677606-05 
-1.093576-05 
-2.5T6376-05 
-2.S71326-05 
-3.255316-05 
-3.119716-09 
-2.662026-09 
-2.9*9916-05 
-2.693266-05 
-2.966156-05 
-2.6*5616-05 
-2.222166-05 
-2.630*76-05 
-2.(01056-05 
- 2 . 06*266-05 
-3.066126-05 
-2.2736*6-05 
-1.069516-05 
-1.665596-05 
-2.069926-09 
-2.0*6076-05 
-1.690396-09 
-1.923576-05 
-2.071656-05 
-1.573566-05 
-2.109976-05 

-9.127276-03 
- * . r *504e-09 
-a.a*5ooE-o» 
-T. raarrc-os 
-a . i i 695e-09 
-a.69692f-05 
-a.560176-09 
-a.767a66-09 
-* . *92576-09 
-1.103136-06 
-1.130226-06 
-1.0*5716-06 
-1.052076-06 
-1.935*56-06 
-1.05*576-06 
-1.21**06-06 
-1.1*5126-06 
-1.102*96-06 
-1.1095*6-06 
-1.0*3356-06 
-L06292E-O6 
-1.069066-06 
-1.032056-06 
- t .02*a06HM 
-a.a52a56-05 
-9.004206-09 
-a . i i9a9C-09 
-B.7912ie-OS 
-9 .172*Sf-e9 
-a.a«i**6-09 
-9.I55776-05 
-9.525576-05 
-9.53***6-05 
-9.**aa06-05 
-1.072666-06 
-1.290066-06 
-1.162766-06 
-1.133076-06 
-1.096676-06 
-1.006636-06 
-L156O06-O6 
-1.121616-06 
- I .150aa6-06 
-1.123586-06 
-1.1716*6-06 
-1.197996-06 
-1.157116-06 
-1.1600*6-06 
-1.1355*6-06 
-1.1137*6-06 
-1.192*56-06 
-1.315256-06 
-1.255666-06 
-1.215216-06 
-1.211796-06 
-1.251176-06 
-1.227*66-06 
-1.213036-06 
-1.262*66-06 
-1.20*206-06 



UJ 
00 

18.000 
18.100 
18.200 
18,300 
18.400 
18.500 
18.600 
18.700 
18,800 
18.900 
19,000 
19,100 
19,200 
19.300 
19,400 
19.500 
19,600 
19,700 
19,800 
19,900 
20.000 

0.93499 
0.93436 
0.93440 
0.93394 
0,93480 
0.93469 
0.93421 
0.93459 
0.93417 
0.93444 
0.933S7 
0,93390 
0,933!)7 
0,93473 
0,93418 
0.93421 
0,93377 
0,93479 
0.93424 
0.93363 
0.93367 

— t-X I I * 
+ X I 1 • 
+ X I I * 

+ X I I * 
+ X I I » 
+ X I I » 
+ X I 1 * 
+ X I I » 
+ X I 1 « 
+ X I 1 * 

+ X I I *_.. 
+ X I I , 
*- X I I • 
+ X I , , 
+ X 1 1 * 
*• X I I * 

+ X I I * 
+X I I * 
+ X I 1 * 

+ X I I » 
«• X 1 I « 

-1,612226-05 
-2.06065E-05 
-2.01001E-05 
-2.32542F-05 
-1.655996-05 
-1.73594E-05 
-2.01066E-05 
-1.83049E-05 
-2.10297E-05 
-1.88946E-05 
-2.28228E-05 
-2.28006E-05 
-2.47461E-05 
-1.710796-05 
-1.98462E-05 
-1.95372E-05 
-2.27918E-05 
-1.49032E-05 
-1.88548E-05 
-2.19944E-05 
-2.38053E-05 

-1.25898E-04 
-1.21213E-04 
-1.21920E-04 
-1.167666-04 
-1.254506-04 
-1.246516-04 
-1.219136-04 
-1.237156-04 
-1.209906-04 
-1.23125E-04 
-1.19197E-04 
-1.192196-04 
-1.172746-04 
-1.24912E-04 
-1.22172E-04 
-1.22383E-04 
-1.192286-04 
-1.271176-04 
-1.231656-04 
-1.200266-04 
-1-182156-04 



CSMP/ 00URL6 PFRCISION RKS INTFCRATION 
R6ACI0R R6SP0NCF TO RHO '^'On C\ C2 

V.bOOOf 04 
»,/«.0Of 09 
L6000F 09 

C ' 

•X'»C3 
• • • • C 2 
• • • • C I 

TIM6 
0 . 0 
0.10000 
0 .20000 
0 .10000 
0 .40000 
0 .90000 
0 ,60000 
0 .70000 
0.80000 
0 .90000 

1.0000 
1.1000 
1.2000 
1.3000 
1.4000 
I . 9 0 0 0 
1 .6000 
1.7000 
1.8000 
1.9000 
2 .0000 
2 .1000 
2 .2000 
2 .3000 
2 .4000 
2 .5000 
2 .6003 
2 -7000 
2, f l001 
2 ,9000 
3 .0000 
1 .1000 
1.2000 
3 ,1000 
3 .4000 
3 .5000 
3 ,5000 
3 .7000 
1.8000 
1.9000 
4 . 0 0 0 0 
4 . 1 0 0 0 
6 .2000 
4 .1000 
4 . 4 0 0 0 
6 .5000 
4 . 6 0 0 0 
4 . 7 0 0 0 
4 .8000 
4 .9000 
5 .0000 
5 .1000 
9 .2000 
5 .3000 

CI 
1.667866 
1,667n4F 
l ,66rH6F 
1,66 7.1-.,t 
1.667866 
1.66786F 
1.667866 
1.667866 
1 . h 6 7 ( > S ? 
t . 6 6 7U5E 
1.667866 
1.66 7866 
1.667866 
L667B1F 
1.667816 
1.667B3F 
1.66781F 
1.667816 
1.66782F 
1.567636 
1.^6 72 36 
1.66721F 
1.665796 
1.66646F 
l,66f>06E 
1.66605E 
1.665406 
1.554606 
1.66434F 
1.66181F 
1,663036 
1.66301F 
1.562996 
1 .66 l98 f 
1.661916 
I .65144F 
1.55078F 
1.659896 
1.65985F 
1.65930F 
1.558256 
1.557296 
1.656486 
1.656226 
1.55589E 
I .559466 
1.599006 
1.696456 
1.693876 
1.692976 
1.692256 
1.691696 
1.691196 
1.690986 

L 0 6 0 0 E 
4 .08006 
1.6*006 

OS I 
05 I 
OS I 
0 9 I 
05 I 
0 5 I 
05 I 
05 I 
09 I 
05 I 
0 5 I 
05 I 
0 5 t 
35 I 
0 9 I 
05 I 
0 9 I 
05 I 
05 I 
OS I 
OS I 
09 I 
05 I 
0 5 I 
05 I 
0 5 I 
05 I 
0 5 I 
05 I 
OS I 
OS I 
05 t 
05 I 
05 I 
0 5 I 
05 I 
05 I 
05 I 
0 9 t 
09 I 
09 I 
05 I 
OS I 
09 I 
05 I 
0 5 I 
09 I 
05 I 
09 I 
OS I 
05 I 
05 I 
09 t 
09 I 

• 
— • 

• 
• 

* 

• • 
* • 
• • 

* • 
• • 

» • 
• 

—• — 
• 

* 
• 

1 
1 
1 
1 
1 
1 
1 

• 1 -
1 
1 
1 

09 
09 
09 

02 
6 .063996 
6 .06399E 
6.06199E 
4 .063996 
6 .061996 
6 .041996 
4 .063996 
4 . 0 4 1 5 9 * 
6 .06399E 
6.061996 
4 .06199E 
6.06212E 
4 . 0 6 0 6 * 6 
6 .019166 
6 .017666 
4.0360*6 
4.034916 
4.0329*6 
4.0312*6 
6 . 0 2 9 * 6 6 
4.028296 
4 .026776 
4.029236 
6 .021746 
4.072206 
4.020706 
6 .0190*6 
6 .017916 
4 .016066 
4 .016696 
4.0128*6 
6.011366 
4 . 0 0 9 * 9 6 
4.00*316 
6 . 0 0 6 * 1 6 09 
4.0092*6 09 
6.003606 
4.002046 
6.000966 
1.998996 
1.997446 
1.999916 
1.996116 
1 .992*06 
3.991306 
3.989796 
3 .988206 
3 . 9a*66E 
3.9B9I1E 
3 .9839*6 
3 . 9 * 2 0 * 6 
3.9S0926 
3.97B956 
3.977616 

05 
05 
05 
05 
05 
05 
05 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
05 
05 
05 
05 
09 
09 
09 
09 
09 
09 
09 
09 
09 

09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 

C3 
1.02767E 09 
l.027*7E 09 
L027*7E 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.027*76 09 
1.02*206 09 
1.0267*6 09 
1.023266 09 
1.021776 05 
1.0202*6 05 
1.01*966 05 
1.017536 05 
1.016066 
1.016626 
1.013626 
1.011*06 05 
1.010**6 05 
1.00*666 05 
1.00*226 05 
1.00*726 05 
1.0053*6 05 
1.003**6 05 
1.002*16 05 
1.0016*6 

9 9 9 9 5 . 
9 9 * 6 7 . 
9 9 7 6 7 . 
9 9 6 6 5 . 
9 * 5 1 * . 
* * 3 * * . 
* * 3 3 2 . 
* * 2 6 3 . 
* 9 1 1 7 . 
9 9 0 6 2 . 
9 * 9 5 * . 
9 * * * 1 . 
9 * 7 7 9 . 
9 * * 5 6 . 
9 * 5 2 7 . 
9 * 6 * 2 . 
9 * 6 3 * . 
9 * 3 * 2 . 
9 * 3 2 6 . 
9 * 2 3 6 . 
9 * 2 1 * . 
9 * 1 * 2 . 
9 * 1 1 1 . 
*ao*i . 

05 
05 
05 

0 5 

•^ 



o 

5,4000 
5,5000 
5,6000 
5,7000 
5,8000 
5,9000 
6,0000 
6.1000 
6,2000 
6,3000 
6,4000 
6.5000 
6,6000 
6,7 000 
6,8000 
6,9000 
7,000J 
7,1000 
7.2000 
7.3000 
7,4000 
7.5000 
7.6000 
7.7000 
7.8000 
7.9000 
8,0000 
8.1000 
8,2000 
8.3000 
8.4000 
8.5000 
8,6000 
8.7000 
8.6000 
8,9000 
9,0000 
9,1000 
9,2000 
9,3000 
9,4000 
9,5000 
9.6000 
9.7000 
9.8000 
9,9000 
10,000 
10.100 
10.200 
10,300 
10.400 
10.500 
10.500 
10.700 
10.800 
10.900 
11.000 
11.100 
11.200 
11.300 
11.400 

1,650896 05 I 
1,65002E 05 I 
1,549846 05 I 
1,64918E 05 I 
l,5490BE 05 I 
1,648206 05 I 
1,64757E 05 1 
1,647106 05 I 
1,64596E 05 I 
1.64543E 05 I 
1,644976 05 I 
1,644^16 05 I 
l,64354E 05 I 
1,642576 05 I 
1.64176E 05 I 
1,64175E 05 1 
1,64069E 05 I 
1,64022E 05 I 
1,63963E 05 I 
1.63865E 05 I 
1,638006 05 I 
1,63735E 05 1 
1,63640E 05 I 
1.63610E 05 I 
1,635636 05 I 
1.635096 05 I 
1.63434E 05 I-
1.634246 05 I 
1.634216 05 T 
1.633586 05 I 
1.632976 05 I 
1,63241E 05 
1,63237E 05 I 
1.631946 05 I 
1,63124E 05 I 
1.63116E 05 I 
1.63113E 05 I 
1,63062E 05 I 
1,629966 05 I 
1,62944E 05 1 
1.528996 05 I 
1.628986 05 
1,628956 05 I 
1.62895E 05 I 
1,52892E 05 I 
1.62891E 05 
1.62887E 05 I 
1,62886E 05 I 
1,628826 05 I 
1,62879E 05 
1,62879E 05 I 
1,62876E 05 I 
1.62b68E 05 
l,62e67E 05 I 
1.62812E 05 I 
l,62810E 05 T 
l,62798r 05 I 
1,627966 05 I 
l,627')9F 05 I 
1.6269^r OS I 
l,62 6'.5f 05 I 

I 

I 

I 

I 

I 

IX 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

— I 
I 
I 
I 
I 

3.97592E 05 
3,97438E 05 
3.97266E 05 
3.97117E 05 
3.969556 05 
3.96612E 05 
3.96653E 05 
3.96499E 05 
3.96348E 05 
3.95193E 05 
3.96040E 05 
3.95886E 05 
3.95734E 05 
3.95581E 05 
3.954236 05 
3.952736 05 
3.951206 05 
3.949656 05 
3.948156 05 
3.945516 05 
3.94500E 05 
3.94343E 05 
3.94190E 05 
3.94045E 05 
3.93895E 05 
3.93743E 05 
3.93578E 05 
3.93427E 05 
3.93275E 05 
3.93119E 05 
3.92957E 05 
3.92813E 05 
3.92661E 05 
3.92510E 05 
3.923426 05 
3.921956 05 
3.920456 05 
3.91890E 05 
3.91729E OS 
3.91571E OS 
3.91418E 05 
3.912626 OS 
3,911156 05 
3,909526 05 
3,90804E 05 
3.90554E OS 
3.90502E 05 
3.90352E 05 
3.90203E 05 
3.900536 05 
3.899106 05 
3.897546 05 
3.B95026 OS 
3.894506 05 
3.B92956 05 
3.891416 05 
3.889956 OS 
3.888446 OS 
3.885956 05 
3.885606 05 
3.884236 05 

98082. 
98075-
98057. 
97991-
97981. 
97938. 
97874. 
97827. 
97823. 
97769. 
97724. 
97578. 
97675. 
97671. 
97669. 
97558. 
97655-
97618. 
97585. 
975B2-
97515. 
97495-
97493-
97462-
97420-
97420-
97419-
97409-
97405-
97359-
97358. 
97355. 
97352. 
97310. 
97309. 
97301. 
97298. 
97298. 
97298. 
97298. 
97298. 
97298. 
97298. 
97297. 
97295. 
97294. 
97293. 
97292. 
97292. 
97290. 
97290. 
97290. 
97290. 
97290. 
97290. 
97288. 
97282. 
97280. 
97280. 
97280. 
97280. 



11.900 
11.603 
11.700 
11.800 
It.900 
12.000 
12.100 
12.200 
12.300 
12.600 
12.900 
12.600 
12.700 
12.800 
12.900 
13.000 
11.100 
11.200 
11.100 
13.600 
13.900 
11.600 
13.700 
13.800 
13.900 
14.000 
16.100 
14.200 
16.100 
14.400 
14.900 
14.600 
14.700 
16.800 
14.900 
19.000 
19.100 
19.200 
19.300 
19.600 
19.900 
19.600 
19.700 
15.800 
15.900 
16.000 
16.100 
16.200 
16.300 
16.600 
16.900 
16.600 
16.700 
16.800 
15.900 
17.000 
17.100 
17.200 
17.300 
17.600 
17.900 

1 1.882766 
1 1.881266 
1 3.879776 
1 3 .878296 
1 l . a7696F 
1 3 .879666 
1 3 .a76 l9E 
1 3 .872716 
1 3.871216 
1 1.86981E 
1 l . S * * 2 9 6 
1 1.86679E 
1 3 . *69216 
1 1.861646 
1 1.S62I6E 
1 1.8606*6 
1 1.899466 
1 3 . * 9 * 1 * 6 
1 1.896696 
1 1.899166 
1 1.891766 
1 1.49299E 
1 1 .S9I39E 
1 3 . *69 *3E 
1 3.S66696 
1 3 .867676 
1 3 .86*216 
1 1.869036 
1 3.843866 
1 3 .842366 
1 1 .840*96 
1 1.819176 
1 1 .817*76 
1 l . * 3 6 7 6 E 
I 3.a3922E 
I 3.813a3E 
1 1.81216E 
1 1.831186 
1 1.829916 
1 1.828976 
1 1.827926 
I 1.826966 
1 1.82916E 
1 1.826196 
1 1.822966 
1 1.821906 
1 1.82092E 
I 3 .820026 
1 3 .818826 
1 3.817786 
1 3.816876 
1 1.819916 
1 1.81 91 76 
1 3 .814196 
1 3.811016 
I 1.81229E 
I 3 .811696 
1 3 .811076 
1 3 .810726 
1 3 .810366 
1 3 .809606 

09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
05 

9 7 2 * 0 . 
9 7 2 7 * . 
97276 . 
9 7 2 7 1 . 
9 7 2 7 1 . 
9 7 2 1 3 . 
9 7 2 0 * . 
97176 . 
97167 . 
97076. 
9 6 9 * 1 . 
* 6 * 6 0 . 
« 6 * 0 5 . 
* 6 * 5 3 . 
9 * * 5 1 . 
9 6 * 5 1 . 
9 6 * 5 1 . 
9 * * 5 1 . 
9 6 * 5 0 . 
9 6 * 6 9 . 
9 6 * 6 * . 
9 6 * 6 * . 
9 * * 6 * . 
* 6 * 6 7 . 
9 6 * 6 7 . 
9 * * 6 7 . 
9 6 * 6 7 . 
9 6 * 3 9 . 
9 6 * 2 2 . 
96 7 * 5 . 
9 6 7 7 * . 
96 7 2 0 . 
9 6 6 2 5 . 
96972 -
9 6 9 3 1 . 
9 6 6 6 6 . 
9 6 6 6 2 . 
9 6 6 1 0 . 
9 6 3 7 9 . 
9 6 3 7 2 . 
9 6 3 7 2 . 
9 6 3 7 2 . 
9 6 3 7 2 . 
9 6 3 7 2 . 
96 372 . 
9 6 3 7 0 . 
96 3 6 9 . 
9 6 3 6 * . 
9 6 3 6 7 . 
9 6 3 6 6 . 
9 6 3 6 9 . 
9 6 3 6 6 . 
9 6 3 6 6 . 
9 6 3 6 0 . 
9 6 3 6 0 . 
9 6 3 9 9 . 
96 3 9 9 . 
9 6 3 9 9 . 
9 * 3 9 * . 
9 * 3 9 * . 
9 * 3 9 * . 



17,600 
17,700 
17,800 
17,900 
18,000 
18,100 
18,200 
18,300 
18.400 
18.500 
18.600 
18,700 
18,800 
18,900 
19.000 
19,100 
19,200 
19.300 
19.400 
19.500 
19,600 
19, 700 
19,800 
19.900 
20.000 

1,611496 
1,61149E 
1.61141F 
1.61087E 
1,61083E 
1.6 10426 
1.610376 
1,609826 
1,609816 
1,609736 
1,60972E 
1.609696 
1,609666 
1.60964E 
1.609056 
1.60903E 
1,608396 
1.60636E 
1,60815E 
1,60814E 
1,60756E 
1,60756E 
1,60756E 
1.60754E 
1,607496 

05 I 
05 I 
05 I 
05 I 

0 5 I 
05 I 
05 I 
05 I 
05 I 
05 I 
05 I 
05 I 
05 I 

05 1 
05 I 
05 I 
05 I 
05 I 
05 I 
05 I 
05 1 
05 I 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

il I I I T 
* I I I I 

+ « I I I I 
+ * I I I J 

+ * I I I I 
• * I I I I 
• * I I I J 
• * I I I I 
+ * I I I I 
+ * I I I T 
+* I I I I 
+ * I I I I 
+ * I I I I 

+ * I 1 I 1 
+ * I I I I 
• * I I I T 

+ * I I I I 
• * I I [ I 
+ * I I I I 
• * I 1 I I 
+ * I 1 I I 
• * 1 I I I 

3,80905E 05 
3.808356 05 
3,80760E 05 
3.80706E 05 
3.80599E 05 
3.80634E 05 
3.60524E 05 
3,8046aE 05 
3.80422E 05 
3.80415E 05 
3.803aaE 05 
3.80339E 05 
3.80336E 05 
3.a0299E 05 
3.80240E 05 
3.a023aE 05 
3.a0174E 05 
3.80156E 05 
3.80144E 05 
3-80135E 05 
3.800766 05 
3.80064E 05 
3.80002E 05 
3.a0001E 05 
3.79995E 05 

96358. 
95358. 
96358. 
96358-
96358-
96358. 
95358. 
96358. 
96357. 
95357. 
96357. 
96355. 
96355. 
95355. 
96355. 
96354. 
96354-
96353-
96353. 
96352. 
96352. 
95352. 
96352. 
96352-
95351. 



CSMP/ OdUBLE <»«RCISION RKS INTFGRATION 
REACTOR «eSPPNC6 TO ROO DROP C4 C9 C6 

5 S S . 0 
6300 . 

T.b.lOOr 0 6 
TIM6 

0 .0 
0. 10000 
0 .20000 
0 .30000 
0 .40000 
0 .90000 
0 .60000 
0 .70000 
3 .80000 
0 .90000 

I , 0 0 0 0 
1.1300 
1.2000 
1,3000 
l,4OO0 
1.9000 
1.6000 
1.7300 
1.8000 
1.9000 
2 .0000 
2 .1300 
2 .2000 
2 .3000 
2 .4000 
2 ,5003 
2-5000 
2 .7000 
2 .8000 
2 .9000 
1.0300 
1.1300 
3 .2000 
3 .3000 
1.4000 
3 .5000 
1.6000 
1.7000 
1.8300 
1.9 303 
4 .0000 
4 .1000 
4 .2000 
4 . 3 0 0 0 
4 .4000 
4 .5000 
4 .6000 
4 .7000 
4 .8000 
4 .9000 
5 .0000 
5 .1000 
5 .2000 
9 .1000 

•C6 
•C> 
•C4 

6 1 5 . 0 
6 9 0 0 . 

( . 6 0 0 0 6 06 
C4 

81109. 
81109. 
81109 . 
81109 . 
83109 . 
83309. 
81109. 
81109. 
81309. 
81109 . 
81109. 
8319<, 
82995. 
8 2 8 4 1 . 
826 70. 
8 2 5 1 1 . 
82354. 
82202. 
82032 . 
81887. 
81733. 
8 I S 8 2 . 
81420 . 
81280. 
81126 . 
8097b, 
80847. 
8 0 6 9 1 . 
80564. 
80450 . 
8016H. 
8 0 2 4 1 . 
80120. 
80044. 
80019, 
79990. 
79946. 
79903. 
7989R. 
79842. 
797 72. 
79708, 
79576. 
79501 . 
79410. 
79365. 
79121 . 
79265. 
79211 . 
79229. 
79227. 
79227. 
79217. 
79197. 

• X 
X 
X 
X 
X 
X 

X 
X 

X • 
X • 

X • 
X • 

X • 
X • • 

• — X — • • -
X • • 

X • • 

A • 

• X 
- • — X -
» X 

X 
X 

X 

CS 
6 * 1 * . 2 
6 * 1 • . 2 
*ai* .2 
**ia.2 
* * 1 * . 2 
6 * 1 8 . 2 
6 8 1 * . 2 
6 * 1 * . 2 
* * i a . 2 
* * l * . 2 
* * 1 * . 2 
* 7 9 6 . * 
6 7 7 1 . * 
6 7 5 6 . 6 
6 7 3 * . 1 
* 7 2 0 . 6 
6 7 0 7 . 0 
6 * * 3 . 7 
* * 7 * . 2 
* * 6 7 . 6 
6 6 9 9 . 2 
6 6 6 9 . 9 
6 6 3 3 . 2 
6 6 2 2 . 0 
6 6 1 2 . 3 
6 * 0 2 . * 
* 5 * 2 . 7 
* 5 * 2 . * 
* 5 7 3 . 6 
6 5 6 3 . 6 
6 5 5 3 . 6 
6 5 6 6 . 4 
6 5 3 * . * 
*532 .1 
* 5 3 2 . l 
*530 .7 
*52B. l 
*523 .2 
6 5 1 * . 7 
6 5 1 6 . 2 
6 5 1 0 . 6 
6 5 0 6 . 8 
6 6 * * . 6 
* 6 * * . 1 
6 6 * 0 . 1 
* 6 7 5 . * 
6 6 7 3 . 1 
6 6 7 1 . 6 
6 6 7 0 . 7 
6 6 * * . * 
6 6 6 * . 8 
* 6 * * . a 
* 6 6 a . 8 
* 6 * a . B 

c* 
*o*.o* 
*o*.o* 
*o*.o* 
*o*.e* 

*o*.o* 
*o*.o* 

*o*.o* 
*o*.o* 
* 0 L * 6 
5 * * . « 0 
5 * * . * l 
5 * 6 . 7 * 
5 * 3 . 0 2 
S * l . * 3 
5 * 0 . 7 5 
5a*.7a 
S B * . * * 
5 a a . i 2 
5 a 7 . 5 1 
SB* .76 
saa.os 
505 .20 
sa6.** 
5 * 6 . 0 * 
5 a 3 . 6 a 
sat.aa 
5S2.26 
sai.as 
5 * 1 . 1 5 
5 * 0 . * 2 
5 * 0 . 3 * 
5 * 0 . 3 * 
5 * 0 . 2 * 
5 * 0 . 0 * 
5 7 * . * 2 
9 7 * . 2 7 
9 7 * . * 2 
9 7 * . 9 6 
5 7 * . IS 
577 .6B 
5 7 * . * 5 
5 7 * . 15 
5 7 5 . 5 5 
5 7 5 . 2 2 
5 7 5 . 0 * 
5 7 6 . * * 
5 7 6 . 7 * 
5 7 6 . 7 * 
5 7 6 . 7 * 
5 7 6 . 7 * 
5 7 6 . 7 * 

Lk) 



*-
*-

5,4000 
5 ,5000 
5.6000 
5,7000 
5,8000 
5,9000 
6,0000 
6 ,1000 
6 ,2000 
6 ,3000 
6 ,4000 
6 .5000 
6 .6000 
6.7000 
6 .8000 
6 .9000 
7,0000 
7,1000 
7,2000 
7,3000 
7,4000 
7.5000 
7,6000 
7,7000 
7,8000 
7.9000 
8 .0000 
8.1000 
8.2000 
8 ,3000 
8 ,4000 
8,5 000 
8 .6000 
8,7000 
a.aooo 
8,9000 
9.0000 
9 .1000 
9 .2000 
9 .3000 
9 .4000 
9 .5000 
9 ,6000 
9 .7000 
9.8000 
9 .9000 
10,000 
10.100 
10.200 
10.300 
10.400 
10.500 
10.600 
10 .700 
10.800 
10.900 
11 .000 
11,100 
11.200 
11.300 
11 .400 
11.500 

79188. 
79186. 
79168. 
79133, 
79128, 
7 9 1 0 1 . 
79057, 
7 9 0 1 1 , 
79006, 
73977. 
78938. 
78938. 
78935. 
7 8 9 3 1 . 
78919. 
78918. 
78900, 
78853, 
78853 , 
78844, 
76788, 
78782, 
78778, 
78748. 
78748. 
78748. 
76 747. 
78737. 
78733. 
78683, 
78679. 
78679, 
78675. 
78632, 
78632. 
78628, 
78628, 
78628, 
76623. 
78628. 
78528. 
78528. 
78628. 
78628. 
78628. 
78628, 
78628. 
78628, 
78626. 
76628, 
78628. 
78628. 
76628. 
78628. 
76628, 
76628. 
78628. 
78626. 
78528. 
78528. 
78626. 
78628. 

I * 
I « 
I * 
I* 
I * 
I * 

-*— 

* I 
* I 
*I 
* I 
*I 
* I 

- * I -
X 
X 

X 
X 
X 
X 
X 
X 
X 

-*— 

-I-X + — 
IX • 
IX + 
IX + 
IX • 
IX + 
IX • 
IX • 
IX + 
IX + 

-IX + 
IX + 
IX • 
IX • 
IX • 
IX + 
IX + 
IX + 
IX + 
IX + 

* IX + 
* IX + 
* IX • 
* IX + 
* IX • 
* IX + 
* IX + 
* IX • 
* IX + 
-• 1 X + 

IX 
IX 
IX 
IX 
IX 

6458.4 
5456.6 
6465.2 
6462.0 
6458.8 
6457.3 
6455.9 
6453.9 
6452.1 
6450.5 
6448.1 
5448. 1 
5444.6 
6444.1 
6442.8 
6442.7 
6440.9 
6440.2 
6440.2 
6436.4 
5433.6 
6433.2 
6433.0 
5432.9 
6432.9 
5432.9 
5430.6 
5427.4 
5425.9 
542 5. 4 
5425.3 
6425.3 
642 5.0 
5422.8 
5422.7 
5422.5 
5422.6 
5422.6 
5422.6 
6422.6 
5422.5 
5422.5 
5422.5 
5422.6 
6422.5 
6422.5 
6422-5 
5422.6 
6422-5 
5422.6 
6422.5 
6422.5 
5422-6 
5422-5 
5422.6 
5422.5 
6422.5 
5422-6 
6422.5 
6622.6 
6422.5 
6422.5 

574. 77 
574-59 
574-42 
574-20 
573.88 
573-77 
573.57 
573-52 
573.32 
573.20 
573.01 
573.01 
572.53 
572- 59 
572.48 
572.45 
572-29 
572-29 
572-29 
571-92 
571.70 
571-55 
571-65 
571.65 
571.55 
571.55 
571.40 
571.07 
570.95 
570.95 
570.95 
570.95 
570-88 
570-77 
570.76 
570.74 
570-74 
570.74 
570.74 
570.74 
570.79 
570.89 
570.90 
570-90 
570-90 
S70-90 
570.92 
570.92 
570-92 
570.92 
571-14 
571-15 
571-16 
571.16 
571.15 
571.16 
571.16 
571.16 
571.16 
571.04 
571.04 
571-04 



11-700 
11.800 
11 .900 
12 .000 
12.100 
12 .200 
12.300 
12 .400 
12 .500 
12.600 
12.700 
12.800 
12.900 
11.000 
11.100 
11.200 
11.100 
11.403 
11.900 
13.600 
11.700 
13.800 
11.900 
14.000 
14 .100 
14.200 
14.100 
14.400 
14.500 
14.600 
14-700 
14 .800 
14-900 
15 .000 
15 .100 
15 .200 
15 .100 
15 .400 
15.500 
15.500 
15 .700 
15 .800 
15.900 
16.000 
16.100 
16.200 
16.300 
16.400 
15.503 
16.500 
15 .700 
15.800 
15.900 
17.030 
17.100 
17.200 
17.300 
17.400 
17.500 
17 .500 
17.700 
17.800 
17 .900 
18.000 
18.100 

7862 7, 
78624, 
78609. 
7S551, 
78549 . 
78914, 
78480. 
78409 . 
78126. 
78102 . 
78248. 
7 8 2 1 1 . 
78212. 
78212 . 
78212. 
78212 . 
78212. 
78212. 
78212. 
7B212. 
78212, 
78212 . 
78212. 
78212. 
78212 . 
78212. 
78212 . 
78175. 
78150. 
78092. 
77998 . 
77944. 
7 7 9 2 1 . 
77874. 
77871 . 
7 7 8 7 1 , 
77845. 
77844. 
77844, 
77844. 
77844. 
77844. 
77844. 
77844, 
77844. 
77B44, 
77844. 
77844, 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 
77044. 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 
77844. 

• IX • 
• IX • 
• X • 

— . _ _ — • X - — • -
• XI • 
• XI • 

• XI » 
• X I * 

• X I * 

• X I • 

• X I • 

• X I • 

• X I • 

• X I • 

• X I • 
* X I * 

• X 1 ^ 

• X I • 

• X • 

• X • I 
• X • I 

• X • I 
• X • I 

• X • 1 

• X • I 

• X • I 

• X • 1 
• X • I 
• X • I 
• X • I 
• X • - I 
• X • I 
• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 

• X • I 
• X • - I 

• X • I 

6 6 2 2 . 6 
6 6 2 2 . 2 
6 6 1 9 . 6 
6 6 1 6 . 0 
6 6 1 2 . 6 
6 6 1 0 . 2 
6409 . 9 
6 1 9 7 . 6 
6 3 * 3 . 2 
6 3 9 1 . 6 
* 3 * 9 . 9 
6 3 * * . 2 
* 3 * * . l 
6 3 * * . I 
6 3 * * . 1 
6 3 8 8 . 1 
6 3 8 8 . 1 
6388 .1 
6 3 8 8 - 1 
6388 -1 
6 3 8 * . 1 
6 3 8 8 . 1 
6 3 * * . I 
6 3 8 * . 1 
638B-1 
6 3 S * . 1 
6 3 * * . 1 
6 3 8 1 . 6 
6 3 7 6 . 7 
6 3 7 3 . 1 
6 3 6 9 . 1 
6366 .3 
6 3 6 1 . 9 
6 3 9 * . 7 
6 3 9 8 . 7 
6 3 9 8 . 7 
6 3 9 * . 7 
6 3 9 * . 6 
6 3 9 * . 6 
6 1 9 8 . 6 
6 1 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 * . 6 
6 3 9 * . 6 
6 3 9 * . * 
6 3 9 8 - 6 
6 3 9 * . 6 
6 3 9 8 . 6 
6 3 9 * . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
639B.6 
6 3 9 * . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 8 . 6 
6 3 9 * . * 
6 3 9 * . 6 
6 3 9 * . 6 

5 7 1 . 0 6 
570.BO 
5 7 0 . 6 6 
5 7 0 . 1 3 
569 . 75 
5 * 9 . 5 * 
5 * 9 . 2 5 
5*B .59 
5 6 8 . 0 7 
9 6 7 . 9 1 
967.7B 
9 6 7 . 6 * 
9 * 7 . 7 * 
9 * * . 0 * 
9 * * . I * 
9 * * . 1 * 
9 * * . I * 
9 * * . l * 
9 * • .SO 
5 * * . 6 * 
5 * * . 6 * 
5 6 * . 6 * 
5 6 * . 6 * 
5 * * . 6 * 
5 6 * . 3 * 
5 6 * . 20 
5*«.e* 
5 * 7 . 9 2 
5 * * . * l 
5 * * . 6 1 
565 . • ! 
5 * 5 . 5 * 
5 * 5 . 3C 
5 * 5 . 0 3 
5 * 5 . 0 3 
5 6 5 . 0 3 
5 6 5 . 0 3 
5 6 5 . 0 3 
5 6 5 - 3 0 
5 6 5 . 6 * 
5 6 5 . 5 6 
5 6 5 . 5 6 
5 6 5 . 5 6 
5 * 5 . 5 6 
5 6 5 . 5 5 
565 .55 
5 6 5 . 5 5 
5 6 5 . 5 6 
5 * 5 . 5 * 
5 * 5 . 5 7 
5 6 5 . 5 7 
5 * 5 . 5 7 
5 6 5 . 5 7 
5 * 5 . 5 7 
5 « 5 . * 0 
5 * 5 . 7 7 
5 * 5 . 7 * 
5 6 5 . 7 * 
5 6 5 . 7 * 

5*5. ao 
5 6 5 . * 0 
5 « 5 . * 1 
5 * 5 . * 1 
5 6 5 . * 2 
5 * 5 . * 2 

,t^ 



18,300 
18,400 
18-500 
18,600 
18.700 
18.800 
18.900 
19.000 
19,100 
19.200 
19.300 
19.400 
19.500 
19.600 
19.700 
19.800 
19.900 
20.000 

77844. 
77844. 
77844. 
77844, 
77844, 
77844, 
77644, 
77844, 
77844, 
77844. 
77844, 
77844, 
77844, 
77644. 
77844. 
77844. 
77844, 
77 844. 

* X + 
* X + 
* X • 
* X + 
* X • 
* X + 
* X • 
* X + 
* X + 
* X • 
* X • 
* X + 
* X + 
* X + 
* X + 
« X • 
» X • 
* X + 

6358.6 
6358,6 
5358,6 
6358.6 
6358.6 
5358.5 
6358.6 
6358.6 
6358.5 
6358.5 
6358.6 
6358,6 
5358.6 
6358.6 
6358.6 
6358.6 
6356.6 
6358.6 

565.82 
555.82 
555-84 
555.84 
565.84 
555.84 
555.84 
565.84 
565. 84 
565.84 
555- 84 
565-84 
555-84 
565.84 
565-84 
555.84 
565.84 
555.84 



4. Pr inter-p lot ted Output: STIFF 

R6ACT0R R6SPaNC6 TO ROD CROP N RO ROFB 

-1. 
0. 

00006-05 
*0006-06 
*650 

•X'"R0FB 
••••RO 
• •••N 

TIM6 
0.0 
0.10000 
0.20000 
0.30000 
0.60000 
0.50000 
0.60000 
0.70000 
O.BOOOO 
O.*0000 
1.0000 
l.lOOO 
1.2000 
1.3000 
1.6000 
1.5000 
1.6000 
1.7000 

i.aooo 
1.9000 
2.0000 
2.1000 
2.2000 
2.3000 
2.6000 
2.5000 
2.5000 
2.7000 
2.8000 
2.9000 
3.0000 
3.1000 
3.2000 
3.3000 
3.6000 
3.5000 
3.6000 
3.7000 
3.8000 
3.9000 
6-0000 
6.1000 
4.2000 
4.3000 
6.6000 
6.5000 
6.6000 
6.7000 
6.8000 
6.9000 
5.0000 
5.1000 
5.2000 
5.3000 
5.6000 
5.5000 
5.6000 

N 
1.0000 
1.0000 
I.OOOO 
1.0000 
1.0000 
1.0000 
1.0000 
I.OOOO 
1.0000 
1.0000 
1.0000 

0.90029 
0.98012 
0.979B8 
0.97960 
0.97929 
0-97*96 
0-97*63 
0.97*10 
0.9779* 
0.97766 
0.97715 
0.97701 
0-97671 
0-97666 
0.97614 
0.97SS7 
0.97560 
0-97511 
0-97908 
0-97482 
0-974S7 
0-97433 
0.97408 
0.97383 
0.97360 
0.97336 
0.97312 
0.97290 
0-97269 
0.97269 
0.97228 
0.97207 
0.97187 
0.97167 
0.97167 
0.97126 
0.97107 
0.970*7 
0.9706* 
0.97090 
0.97031 
0.97013 
0.96999 
0.96977 
0.96957 
0.9693* 

• 

0.0 
0.0 

1.009 

X 
X 
X 
X 
X 

RO 
0 . 0 
6 .66155P-11 
L 0 * 6 « * 6 - I 0 
1 . 5 2 7 2 * 6 - 1 0 
3 . * 3 1 6 1 6 - 1 0 
5 . 6 2 6 6 1 6 - 1 0 
6 . 9 * 9 1 2 6 - 1 0 
0 .5636 66-10 
9 . 2 7 1 6 7 6 - 1 0 
9 . 3 0 1 0 5 6 - 1 0 
1 . 0 6 3 * 9 6 - 0 9 

- 1 . 3 5 5 3 0 6 - 0 6 
- 1 . 3 0 9 7 2 6 - 0 6 
- 1 . 2 7 6 7 7 6 - 0 6 
- 1 . 2 5 2 1 6 6 - 0 6 
- 1 . 2 3 3 1 1 6 - 0 6 
- 1 . 2 1 7 * 7 6 - 0 6 
- 1 . 2 0 5 3 2 6 - 0 6 
- l . l 9 6 « * 6 - 0 6 
- 1 . 1 * 5 6 5 6 - 0 6 
- 1 - 1 7 7 2 4 6 - 0 6 
- 1 . 1 6 9 * 0 6 - 0 6 
- 1 - 1 6 2 9 6 6 - 0 6 
- 1 . 1 5 6 5 2 6 - 0 6 
- 1 . 1 5 0 5 0 6 - 0 6 
- 1 . 1 6 6 7 7 6 - 0 6 
- 1 . 1 3 9 3 2 6 - 0 6 
- 1 . 1 3 6 0 * 6 - 0 6 
- 1 . 1 2 9 0 2 6 - 0 6 
- 1 . 1 2 6 1 1 6 - 0 6 
- 1 . 1 1 9 3 2 6 - 0 6 
- 1 - 1 1 6 6 6 6 - 0 6 
- 1 . 1 1 0 0 7 6 - 0 6 
- 1 . 1 0 5 5 7 6 - 0 6 
- 1 . 1 0 1 1 5 6 - 0 6 
- 1 . 0 * 6 7 7 6 - 0 6 
- 1 . 0 * 2 6 6 6 - 0 6 
- 1 . 0 * * 1 9 6 - O 6 
- 1 . 0 * 3 * * 6 - 0 6 
- 1 . 0 7 * 7 5 6 - 0 6 
- 1 . 0 7 5 * * 6 - 0 6 
- 1 . 0 7 1 * * 6 - 0 6 
- 1 . 0 6 7 7 6 6 - 0 6 
- 1 . 0 6 3 * 1 6 - 0 6 
- 1 . 0 5 * * 26 -06 
- 1 . 0 5 * 0 * 6 - 0 6 
- 1 . 0 5 2 2 2 6 - 0 6 
- 1 . 0 6 * 6 2 6 - 0 6 
- 1 . 0 6 6 * * 6 - 0 6 
- 1 . 0 6 0 * 6 6 - 0 6 
- 1 . 0 3 7 2 6 6 - 0 6 
- 1 . 0 3 3 5 * 6 - 0 6 
- 1 . 0 2 * * 5 6 - 0 6 
- 1 . 0 2 * 3 * 6 - 0 6 
- 1 . 0 2 2 7 * 6 - 0 6 
- 1 . 0 1 * 2 * 6 - 0 6 
- 1 . 0 1 5 7 0 6 - 0 6 

ROFB 
0 . 0 

- 6 . 6 6 1 5 5 « - 1 1 
- 1 . 0 6 6 * 0 6 - 1 0 
- 1 . 5 2 7266-10 
- 3 . 0 3 1 6 1 6 - 1 0 
- 9 . 6 2 6 * 1 6 - 1 0 
- * . * * * 1 2 f - 1 0 
- * . 56 3 *66 -10 
- * . 2 7 1 6 7 6 - 1 0 
- * . 3 0 1 0 5 6 - 1 0 
- 1 . 0 6 3 6 * 6 - 0 * 
- 6 . 6 * 0 0 3 6 - 0 * 
- 1 . 106*26-OS 
- 1 . 6 3 6 2 * 6 - 0 5 
- L * * 0 3 B 6 - O 5 
- 1 . 0 7 0 * 1 6 - 0 5 
- 2 . 0 2 3 2 * 6 - 0 5 
- 2 . 1 6 * * 1 6 - 0 5 
- 2 . 2 5 9 1 6 6 - 0 5 
- 2 . 3 6 7 5 3 6 - 0 5 
- 2 . 6 2 * 6 2 6 - 0 5 
- 2 . 5 0 6 0 2 6 - 0 5 
- 2 - 9 7 2 6 6 6 - 0 5 
- 2 . 6 3 * 7 * 6 - 0 9 
- 2 . * * 7 0 2 6 - 0 5 
- 2 . 7 5 6 2 6 6 - 0 5 
-2 .aOB7B6-05 
- 2 . B 6 1 1 6 6 - 0 5 
- 2 . * l l B 0 6 - 0 5 
- 2 . * 6 0 B B 6 - 0 5 
-3 .0OB756 -05 
- 3 . 0 5 5 * 1 6 - 0 5 
- 3 . 1 0 1 2 9 6 - 0 5 
- 3 . 1 6 * 2 7 6 - 0 5 
- 1 . 1 9 0 9 1 6 - 0 9 
- 3 . 2 3 6 2 7 6 - 0 9 
- 3 . 2 7 7 6 6 6 - 0 9 
- 3 . 3 2 0 7 5 6 - 0 5 
- 3 . 3 6 3 1 2 6 - 0 5 
- 3 . 6 0 6 5 0 6 - 0 5 
- 3 . 6 6 5 1 * 6 - 0 9 
- 3 . 6 * 9 1 9 6 - 0 9 
- 3 . 9 2 6 * 1 6 - 0 9 
- 3 . 9 * 3 9 0 6 - 0 9 
- 3 . * 0 2 7 9 6 - 0 9 
- 3 . * 6 1 6 0 6 - 0 5 
- 3 . 6 7 9 7 7 6 - 0 5 
- 3 . 7 1 7 * 6 6 - 0 9 
- 3 . 7 9 5 6 6 6 - 0 5 
- 3 . 7 9 2 5 9 6 - 0 9 
- 3 . B 2 * S a 6 - 0 5 
- 9 . 0 * * 1 2 6 - 0 5 
-3 .B0266C-0S 
- 3 . * 3 * 6 6 6 - 0 5 
- 3 . * 7 6 0 7 6 - 0 5 
- 6 . 0 0 * 6 6 6 - 0 5 
- 6 . 0 6 6 * * 6 - 0 5 

4k 
-J 



5.8000 
5.9000 
6.0000 
5.1000 
6.2000 
6.3000 
6.4000 
6.5000 
6.6000 
6.7000 
5.8000 
6.9000 
7.0000 
7.1000 
7.2000 
7-3000 
7-6000 
7.5000 
7.6000 
7-7000 
7-8000 
7.9000 
8.0000 
8-1000 
8-2000 
8-3000 
8.4000 
8.5000 
8-5000 
8-7000 
8.8000 
8.9000 
9.0000 
9.1000 
9.2000 
9.3000 
9.6000 
9-SOOO 
9.6000 
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